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4. INTRODUCTION: The overall goal of this research is to understand how the estrogen receptor

signal transduction pathway is altered during breast tumorigenesis and if altered ER action increases the

risk of developing breast cancer. Currently, it is thought that the steroid hormone, estrogen and its cellular

mechanism of action have a major role in both the development and progression of human breast cancer.

The estrogen receptor (ER) is a key component that undergoes an increase in its level of expression during

tumorigenesis. We and others have evidence to suggest that the expression of the ER, its variants and

other isoforms are altered during breast tumorigenesis (1-6). While the expression of specific ER variants

and/or isoforms and their overall prevalence relative to wild type ER is different between normal and

neoplastic tissue, the pathophysiological significance of these ER variants/isoforms and their potential

influence in modulation of the ER pathway in early progression of human breast cancer is not known. We

proposed to test the hypothesis that increased ER activity and altered ER variant and/or isoform expression

cause altered ER signal transduction in breast epithelial cells. We have now shown that several factors

which can impact on ER action are altered during breast tumorigenesis as defined by the comparison of

human breast tumors and their matched adjacent normal breast tissues (6, 7, 8). We now are at the stage

where we can begin to determine when these changes occur during the early stages of pre-neoplastic

progression that precede the onset of invasive breast cancer and if they are associated with an increased

risk of developing breast cancer. Our specific aim is to determine if alteration of ER signal

transduction and ER variant/isoform expression occurs during the early stages of pre-

neoplastic progression that precede the onset of invasive breast cancer and determine if

differences exist between normal women and patients who develop breast cancer. A

case/control retrospective study is being undertaken in which we will examine ER signaling in comparable

breast epithelium and lesions {normal small ducts, benign non-proliferative lesions (adenosis), benign

proliferative ductal hyperplasia (PDWA), and ductal carcinoma in situ (DCIS) I in women with or without

invasive cancer. ER level will be assessed immunohistochemically, ER-beta mRNA expression will be

measured by in situ hybridization and/or immunohistochemistry, ER function will be assessed by

measurement of progesterone receptor (PR) and pS2 expression and ER influence on proliferation rate will

be assessed by immunohistochemical measurement of Ki-67 in serial paraffin sections. Other factors that

have been recently identified to modify ER activity include cyclin D (9), MAP kinase (10), several

coregulators such as SRA (11), REA (12), and AIB1 (13) will also be measured. They will be assessed in

parallel using antibodies, if available, and in situ hybridization. We will also study variant ER mRNA

expression in parallel sections from frozen tissue blocks, where possible, by specific RT-PCR assays to

detect deleted and truncated ER variants, to determine their relative expression with respect to the wild-type

ER mRNAs and assess their potential role in altered ER signaling activity.
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5. BODY:

1. We previously identified blocks within pathology department archives that contain specific lesions for

study. Details of these cases were shown on attached spread-sheets in appendix 1 of the previous annual

report. These tissues have now all been assayed immunohistochemically for ER, PR and Ki-67. The raw

data has been collected but the analysis of the data is not yet complete. The currently available analysis,

where only the invasive and DCIS lesions have been so far scored for ER and PR, is attached in

appendix 1. ER and PR immunohistochemical staining on this series was assessed by Chaukley Point

Count Method. Briefly, 5 high power fields are selected first at low power magnification as representative

of the strongest staining areas in the section. These are then assessed using a 25 point grid. Every grid

point that coincides with a tumor cell is assessed and scored as positive or negative nucleus. The sum of

positives and negatives in 5 fields is calculated and the ratio of positive to negative is used to determine the

ER or PR score of the lesion. The attached spreadsheets show the mean, standard deviation and ratio for

invasive and DCIS areas in each biopsy where these could be assessed. The Wilcoxon test shows that ER

ratio is higher in the invasive than matched DCIS lesions (P = 0.03) but although PR is also higher this is

not statistically significant.

Immunohistochemical analyses to be done include: i) active MAP kinase (the antibody has been

validated and controls established, see 2 below); ii) AIB 1: an antibody to undertake this study has recently

been developed by Dr J Torchia (University of Western Ontario, London, Ontario). He has kindly

provided us with an aliquot to test and the experiments are in progress. Previously no antibodies suitable

for AIB 1 immunohistochemistry were available; iii) cyclin D1; antibodies are available commercially and

will be assessed in the next year; iv) several antibodies for ERP3 are commercially available, but most, in

our hands, have not been suitable for immunohistochemistry. We are currently evaluating another antibody

PAI-313 (Affinity Bioreagents) used in breast tissues recently by another group (14).

In situ hybridization analyses have been developed for SRA and REA RNA (see reference 8 and

appendix 2) and will be used this year to analyze the tissue blocks collected. We have recently obtained a

Ventana instrument with both autostaining and in situ hybridization modules, for our research laboratory

only. This will increase our through-put capacity, and decrease assay times. Further, due to staff turn-over

reading and scoring of all immunohistochemical and in situ hybridization assays has been slow. Dr

Ladislav Tomes, a pathologist from the Czech Republic, has recently joined our group. Dr Tomes will be

devoting most of his time to this project.

2. We have validated a commercially available antibody (polyclonal, Phospho-p44/42 MAP Kinase

[Thr202/Tyr204], NEB #9101S) which detects only dually-phosphorylated (active) forms of the MAP

kinase isoforms, ERK1 and 2 (p44/42), as appropriate for immunohistochemistry. Estrogen depleted

MCF7 breast cancer cells were treated for 3 hours with 50 jtM of the MEK1 inhibitor, PD98059, or vehicle

(DMSO) alone. Half of the cells from each group was extracted and analyzed by Western blotting. The
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remainder was embedded in 3% agar, formalin fixed, paraffin embedded and processed for

immunohistochemistry using the polyclonal NEB #9101S antibodies as well as the monoclonal NEB9106L

antibodies. The cell pellet sections were assessed by semiquantitative scoring using an H-score system as

previously described (15). Western blot analysis (Fig. 1, appendix 3) showed a significant decrease in

the 44 and 42 kDa ERKI and 2 MAP kinase bands of the PD treated cell extracts compared to the vehicle

alone treated cells using an antibody which recognized only the dually phosphorylated (active) MAP kinase

isoforms, ERK1 and ERK 2. No change in total MAP kinase levels was seen when the blot was stripped

and reprobed with an antibody recognizing total MAP kinase (SantaCruz ERK-1[C-16] #sc93-G),

supporting the conclusion that inhibition of MEK 1 the kinase that activates ERK 1 and ERK 2, led to

decreased detection of active MAP kinase with no effect on total MAP kinase levels, which were equivalent

between the two treatment groups. Immunohistochemistry using two different antibodies to active MAP

kinase showed the presence of nuclear and some cytoplasmic staining in some but not all cells. Importantly

the intensity and the % of cells staining was significantly reduced in the PD treated cells compared to the

vehicle alone treated cells (Fig. 2, appendix 3). The immunohistochemistry results were therefore

consistent with the Western blot analysis. The polyclonal antibody (Fig. 2. panels B, E) gave a better signal

immunohistochemically and was used on randomly selected human breast tumor sections. The results

showed little if any background staining in these tissue sections and positive nuclear staining was seen in

some of the epithelial tumor cells (Fig. 2, panel A and D). Therefore this antibody was used to undertake a

study to determine the expression of active MAP kinase during human breast tumorigenesis, i.e.

comparison of human breast tumors and their matched adjacent normal breast tissues. We used 17 ER+

breast tumor samples with matched adjacent normal breast tissues containing normal ductal epithelium.

Interestingly, of the 17 cases, only 8 had detectable staining in the tumor epithelium. These cases were

subjected to semi-quantitative H-score analysis, which was than analyzed by a Wilcoxon matched pairs

statistical test. The expression of active MAP kinase seen in the tumor cells was significantly increased

compared to their adjacent matched normal epithelial cells (P = 0.03). These preliminary data are

encouraging and provide evidence that increased active MAP kinase expression occurs during breast

tumorigenesis, may have some role in the process and could influence ER activity (12). This approach will

be used to address the question of at which stage during breast tumorigenesis is active MAP kinase likely to

have a role using the cases, tissues and blocks already identified and collected as described in 1 above.

3. 100 breast samples from Poland have been received and stored in the NCIC/Manitoba Breast Tissue

Bank. The histopathological analysis and cataloguing of these samples will begin in the near future, and

then these samples will be analyzed for ER variant RNA by RT-PCR. However, for unknown reasons this

source of fresh frozen tissues has terminated during the last year. Dr Watson has recently traveled to China

and is in the process of developing future research collaborations with 2 groups there, to collect and

analysis fresh frozen breast biopsy samples, containing a continuum of breast lesions, that could also be

used for ER variant RNA analysis using RT-PCR.
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4. Preliminary studies to determine if some relevant estrogen receptor coregulators (16), that can modulate

ER transcriptional activity, are altered in expression during breast tumorigenesis and/or breast cancer

progression in vivo have been completed and published (8,17,18 see appendix 4). We have examined

the expression of a novel recently described steroid receptor RNA activator (SRA, 11) and another
coactivator with a different mechanism of action, AIB 1 (13), as well as a specific repressor of ER activity

(REA, 12) in human breast tissues. These data suggest that alteration of factors, that can modulate ER

signal transduction, occurs during breast tumorigenesis. Thus providing a very strong rationale to

determine in parallel their expression during the early stages of pre-neoplastic progression that precede the

onset of invasive breast cancer and determine if differences exist between normal women and patients who

develop breast cancer, in order to assess a potential role in increasing the risk of invasive breast cancer.

6. KEY RESEARCH ACCOMPLISHMENTS.
* ER, PR and Ki67 immunohistochemical assays completed on tissue sections of blocks of initial patient

cohort previously collected and reviewed. Scoring and data analysis has begun.
* validation of an appropriate antibody to measure activated MAP kinase in formalin fixed, paraffin

embedded tissues sections is completed.
* analysis of activate MAP kinase expression during human breast tumorigenesis as defined by

comparison of breast tumors and matched adjacent normal breast tissue. Manuscript in preparation.
* establishment of SRA and REA in situ hybridization assays.

* analysis of SRA, AIB 1 and REA RNA expression during human breast tumorigenesis as defined by

comparison of ER+ breast tumors and matched adjacent normal breast tissue, completed and manuscript in

press.
* analysis of REA expression in breast tumors correlates with markers of good prognosis i.e. estrogen

receptor expression and low grade, manuscript published.

7. REPORTABLE OUTCOMES.
* Simon S, Parkes A, Leygue E, Dotzlaw H, Snell L, Troup S, Adeyinka A, Watson P, Murphy LC (2000)

Expression of REA in human breast tumors: relationship to some known prognostic markers. Cancer Res 60:

2796-9. Appendix 4

* Murphy LC, Simon S, Parkes A, Leygue E, Dotzlaw H, Snell L, Troup S, Adeyinka A, Watson P. (2000)

Altered expression of estrogen receptor coregulators during human breast tumorigenesis. Cancer Res: in

press. Appendix 4
* Murphy LC, Simon S, Parkes A, Leygue E, Dotzlaw H, Snell L, Troup S, Adeyinka A, Watson P. (2000)

Altered expression of estrogen receptor coregulators during human breast tumorigenesis. Abstract OR200

presented at the 11th International Congress of Endocrinology, 2 9 'h October - 2 November, 2000, Sydney,

Australia. Appendix 4
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* Murphy LC. Oestrogen receptors (ERs) in human breast tumorigenesis and breast cancer progression.

Invited seminar at the Hormones and Cancer 2000 Symposium, November 3-7, 2000 Port Douglas,

Australia. Appendix 4
* Murphy LC, Leygue E, Dotzlaw H, Coutts A, Lu B, Huang A, Watson PH (2000) Multiple facets of the

estrogen receptor in human breast cancer. In, Endocrine Oncology. Chapter 2, pp. 17 -3 4 . S Ethier (ed).

Humana Press, Totowa, New Jersey. Appendix 4

8. CONCLUSIONS.

Our previous results together with our current results suggest that multiple factors involved in estrogen

receptor mediated signal transduction, are altered during human breast tumorigenesis, (see Figure 3 for

summary, appendix 3 ) and may have a role in the development of breast. These data are consistent with

the hypothesis that alterations of ER signal transduction occurring during the early stages of pre-neoplastic

progression may effect the risk of developing breast cancer.
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T5 human breast cancer cells were exposed to 50 gM PD 98059 for 3 hours and proteins
extracted (1). Proteins were resolved by 10% PAGE/SDS under reducing conditions with a
4% stacking SDS-polyacrylamide gel. Proteins were transferred to a nitrocellulose membrane
for 1 hour at 120V. Membranes were baked for 30 minutes at 650C and blocked in 0.2%
I-block for 1 hour.

A) Blots were incubated with rabbit anti-active MAPK (1:1000 dilution, 0.2% I-block
containing 0.1% Tween-20) (Promega) for 3 hours at room temperature and incubated with
horseradish peroxidase-conjugated goat anti-rabbit (Bio-rad) antibody and detected by
chemiluminescence (Pierce).
B) Blots from A were stripped with a glycine stripping buffer, blocked in 0.2% I-block for
1 hour and probed with goat anti-total MAPK (1:1000 dilution, 0.2% I-block containing 0.1%
Tween-20) (Santa Cruz Biotechnology) for 3 hours at room temperature. Membranes were
incubated with an anti-goat HRP-conjugated antibody (Santa Cruz Biotechnology) and
visualized via chemiluminescence (Pierce).

Reference 1. Joel PB, Traish AM, Lannigan DA.
Estradiol-induced phosphorylation of serine 118 in the estrogen receptor is
independent of p42/p44 mitogen-activated protein kinase.
J Biol Chem. 1998 May 22;273(21):13317-23
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* Advances in Brief

Expression of a Repressor of Estrogen Receptor Activity in Human Breast Tumors:
Relationship to Some Known Prognostic Markers'

Sharon L. R. Simon, Alicia Parkes, Etienne Leygue, Helmut Dotzlaw, Linda Snell, Sandra Troup, Adewale Adeyinka.
Peter H. Watson, and Leigh C. Murphy 2

Derpartments of Biochemistry and Medical Genetics 1S. L R. S.. A. P.. E. L.. H. D.. L C. M./ and Pathology /.. S.. S. T...4. A.. P. H. W./. Facult of Medicine. University of
Manntoba. Winnipeg. Manitoba R3E OW3. Canada

Abstract receptor; in that it was not structurally related to either of them. it
showed great selectivity for ER as opposed to other steroid hormoneThe expression of a specific repressor of estrogen receptor activity or non-steroid-binding members of the nuclear receptor family, and it

(REA) was investigated by a semiquantitative reverse transcription-PCR
required ER to be bound to ligand with preferential effects being seen

assay in 40 human breast tumor biopsy samples with respect to steroid q gwhen the ligand was an antiestrogen (3). This repressor was therefore
hormone receptor status and other known prognostic variables. The data w
showed that REA expression was positively correlated with estrogen called REA. Because REA is selective for ER. it is highly relevant to
receptor (ER) levels as defined by ligand-binding assays (Spearman investigate the expression of this gene in human breast tissues both
r = 0.3231; P = 0.042) and that the median level of REA mRNA was normal and neoplastic.
significantly (Mann-Whitney two-tailed test, P = 0.0424) higher in ER+ Recently we demonstrated that REA is expressed in both normal
tumors (median = 94.5; n = 30) compared with ER- tumors (medi- and neoplastic human breast tissues,' as measured by RT-PCR. Fur-
an = 64.5; n = 10), with no significant differences (P = 0.4988) associated thermore, the expression of REA was not significantly different be-
with progesterone receptor status alone. In addition, REA expression was tween ER+ breast tumors and their matched adjacent normal breast
inversely correlated with tumor grade (Spearman r = -0.4375; tissues.' However, the tumor cohort in the previous study were all
P = 0.0054). When the tumors were divided into two groups based on
grade, REA expression was significantly (Mann-Whitney two-tailed test, E
P = 0.0024) higher in low-grade (median = 97: n = 16) compared with question of whether REA expression in breast tumors was correlated

high-grade (median = 76; n = 23) tumors. These results provide prelim- with known prognostic and endocrine treatment response markers. In
inary data suggesting that the expression of REA varies among breast this study. we investigated the relationship of REA expression in
tumors and is correlated with known treatment response markers and breast tumors to ER and PR status and other known prognostic
inversely correlated with a marker of breast cancer progression. REA variables.
together with ER status may be an improved marker of endocrine therapy
responsiveness in human breast cancer. Materials and Methods
Introduction

Human Breast Tumors. Forty invasive ductal carcinomas were selected

Estrogens have important roles in both normal and neoplastic from the National Cancer Institute of Canada-Manitoba Breast Tumor Bank

mammary tissues: however, marked changes occur in estrogen action (Winnipeg. Manitoba. Canada). The cases were selected for ER and PR status

during both breast tumorigenesis and breast cancer progression (1). as determined by ligand-binding assays. The ER levels were 0-151 fmol/mgThe. m mof protein. and 30 tumors were classified as ER+ (defined as >3 fmol/mg ofThe mechanisms underlying altered estrogen signal transduction in- C protein). PR levels were 0-285 fmoUmg of protein. and 20 tumors were
taret e PR ee 0 fmom tissues is the focus of much research at present. Current con- classified as PR-- (defined by >10 fmoUm of protein). These tumors spanned
cepts of estrogen action include cofactors that can either enhance or a wide range of frade (grades 4-9), determined using the Nottingham grading

repress the transcriptional activity of the ER 3 (2). Recently. a highly system.
specific repressor of the transcriptional activity of ligand-occupied Cell Culture. T-47D human breast cancer cells were obtained from Dr. D.

ERs (ER-a and ER-, but not other steroid hormone receptors such as Edwards (Denver. CO. and MCF7 cells were obtained from the late Dr. W.
PR or type 11 nuclear receptors) was identified and characterized using McGuire (San Antonio. TX). T-47D cells were grown in DMEM supple-
a yeast two-hybrid system (3). Furthermore. part of its mechanism of mented %kith 5% fetal bovine serum. 100 n.,i glutamine. 0.3% (v/v) glucose.
action appeared to involve functional competition with steroid hor- and penicillin/streptomvcin as described previously (4). Cells were plated at

mone receptor coactivators such as SRC- [ (2). This repressor differed I X 10' in 100-mm dishes and 2 days later were treated with 10 nrm

from previously identified corepressors such as nuclear receptor core- medroxyprogesterone acetate and harvested at various times ( 1-48 h). MCF7
human breast cancer cells were depleted of estrogen by passaging stock cellspressor and silencing mediator for retinoid and thyroid hormone
twice in phenol red-free DMEM supplemented with 5% twice charcoal-
stripped fetal bovine serum, 100 nsi glutamine. 0.3% (v/v) glucose. and

Receied I/t)I/W0: accepted 4/11/00. penicillin/streptomycin 15% twice charcoal-stripped fetal bovine serum) as
The eosts of publication of this article w,,ere defrayed in part by the payment of pageThre osts aT puh nothis article wutthereore hereb derared , aerthiseeth in acynet:orpage described previously (5). Cells were then plated as above in 5% twice charcoal-

chairge, This article must therefore he hereby marked t~irieeti ordance with
IS U.S.C. Section 1734 solely to indicate this fact. stripped fetal bovine serum and 2 days later treated with 10 nrm estradiol-170

This work was supported by grants from the Canadian Breast Cancer Research and harvested for analysis at various times 11-48 h). The steroids were added
Initjitre iCBCRI) and the United States Army Medical Research and Materiel Command directly from 1l0X00 stock solutions in ethanol to achieve the required con-
,iSA.\IRMC). The Manitoba Breast Tumor Bank is supported by funding from the
N.toii.il Cancer Institute of Canada iNCIC). P. H. W. is a Medical Research Council of centrations The cells were harvested by scraping with a rubber policeman.

C,.ttilai NMRC) Scientist. and L. C. M. is an MRC Scientist. After centrifugation. the cell pellet was frozen and stored at -70'C until RNA
ro whom requests for reprints should be addressed. at Department of Biochemistry was isolated.

.aid %olecular Biology, University of Manitoba. Winnpeg. MB R3E OW3. Canada.
Phone: 1214)789-3.812; Fax: 1204) 789-3000: E-mail: lcmiurph@cc.umanmtoba.ca.

The abbreviations used are: ER. estrogen receptor: PR progesterone receptor: REA. L. C. Murphy. S. L. R. Simon. A. Parkes. E. Leygue. H. Dotzlaw. L. Snell. S. Troup.
repressor of estrogen receptor acui',ity: RT-PCR. re'erse transcription-PCR; GAPDH. A. Adcyinka. and P. H. Watson. Altered relative expression of estrogen receptor coregu.
gl.ceraldehyde-3-phosphate dehydrogenase lators during human breast tumorigenesis. submitted for publication.
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RNA Extraction and RT-PCR Conditions. Twtal RNA was extracted A.

trom 20-jAm frozen tissue sectlons (20 sections per tumor) or cell pellets using ER- ER+

rizol reagent (Lift Technologies. Grand Island. NY) according to the man-

ufacturer's instructions and quantified spectrophotometrically. One jAg of total -. REA
RNA was reverse transcribed in a final volume of 25 Atl as described previ- ,.7..

mers and PCR Conditions. The primers used were primer REAU GAPON
(A AAA ATC TCC TCC CCT ACA-3'% sense: positions. GenBank 1'.An

\.•c.ssion No. AF150962) and primer REAL (5'-CCT GCT I"G CTT 'IT 178bp
CTA CCA-3': antisense: position. GenBank Accession No. AF150962). PCR
amplifications were performed and PCR products analyzed as described pre- B. .A
wlously (7) with minor modifications. Briefly. I j.l of reverse transcription
mixture was amplified in a final volume of 20 A] in the presence of 4 ng/jal of
each primer and 0.3 units of Ttq DNA polymerase (Life Technologies). Each 300
PCR consisted of 27 cycles (30 s at 57'C. 30 s at 72'C. and 30 s at 94°C) for 0
measuring REA. PCR products were then separated on 1.8% agarose gels

mined with ethidium bromide as described previously (7). Amplification of . 200
hiquitously expressed GAPDH cDNA was performed in parallel, and PCR 0

,acts were separated on agarose gels stained with ethidium bromide as
dlecribed previously (7). The identities of PCR products were confirmed by 1 0

,ubcloning and sequencing, as reported previously (6). L. 100
XQuantification and Statistical Analysis of REA Expression. After anal- wj +

vsis of PCR products on prestained agarose gels, signals were quantified by 4 ____

Wscanning using MultiAnalyst (Bio-Rad. Hercules. CA). At least three inde- -_01
pendent PCRs were performed. To control for variations between experiments.
a value of 100% was arbitrarily assigned to the REA signal of one particular ER- ER+
sample and all signals were expressed as a percentage of this signal. In parallel.",'tPDH cDNA was amplified, and after analysis of PCR products on .4

tained agarose gels. signals were quantified by scanning using MultiAna-"! 300 n.9

*,t. Three independent PCRs were performed. Each GAPDH signal was also
expressed as a percentage of the signal observed in the same tumor. For each O
sample, the average of REA signal was then expressed as a percentage of the
GAPDH signal (arbitrary units). cc 200

Correlation between REA expression and tumor characteristics was tested C a
by calculation of the Spearman coefficient. r. Differences between tumor 8

0a8
subgroups were tested using the Mann-Whitney rank-sum test, two-sided. o0)

Results Nw
4 1 00

Measurement of REA mRNA Expression in Primary Human w 0
,'east Tumors with Different ER and PR Status. We previously M 0- _

developed a semiquantitative RT-PCR approach to measure REA PR- PR+

mRNA in small amounts of human breast tissues.' Cloning and Fig. 2 .4. RNA was extracted and assayed for REA expression using RT-PCR as

sequencing confirmed the identity of the expected 397-bp PCR prod_ described in "Materials and Methods.' After analysis of PCR products on prestained
agarose gels. signals were quantified by scanning using MultiAnalyst. Ethidium bromide-

uct as REA. and this PCR product was used to probe Northern blots stained gel of the RT-PCR analysis of some ER- and ER+ breast tumors is shown (top).

of RNA extracted from human breast tumor biopsies as described The expected 397-bp REA PCR product (confirmed by sequence analysis) is shown.
previously (8). An - 1.5-kb transcript was detected, consistent with Ethiidium bromide-stained gel of the RT-PCR analysis of GAPDH mRNA run in parallel

for the same samples is shown below the REA analysis. The expected 178-bp GAPDH

the previously described REA mRNA (Fig. 1). Varying levels of REA PCR product is shown. B. for each tumor (n = 40). REA expression was quantified and

mRNA were detected in human breast tumor biopsy samples, which expressed in arbitrary units corrected for GAPDH signal as described in "Materials and
Methods.' The tumors were di',ided into ER + (>3 fmol/mg of protein: 0) and ER- (-<3

:sed the question of whether the expression of REA in breast tumors fmol/mg of protein: E) as defined by ligand-binding assays. The results are presented as

a scatter graph. Arrows indicate the median value in each group. REA expression is
significantly less in ER- tumors compared with ER+ tumors (Mann-Whitney two-tailed.
P = 0.0424). C. for each tumor In = 40). REA expression was quantified and expressed

1 2 3 4 5 6 in arbitrary units corrected for G.APDH signal as described in "Materials and Methods.'
The tumors were divided into PR - (> 10 fmol/mg of protein: 0) and PR- (s 10 fmot/mg
of protein: "7) as defined by ligand-binding assays. The results are presented as a scatter
graph. Arrow's indicate the median value in each group. REA expression is not signifi-

28S '0 ,.cantly tn.s.) different between PR- tumors and PR+ tumors,

was correlated with the known prognostic and treatment response

Ies 10 variables, such as ER and PR status.

REA -ý .Oý 4" Tumors were identified according to their ER or PR status as

-1.5kb defined by ligand-binding analysis (see "Materials and Methods").
REA mRNA levels were measured by RT-PCR and normalized to the

GAPDH mRNA level as measured in parallel by RT-PCR. Examples
Fig. I. Northern hot analysis ofpolytA-'- enriched RNA (15 g) isolated from several of the results obtained are shown in Fig. 2A. The results obtained for

human breast cancer biopsy sample%. The 397.bp REA PCR product was used to probe the all tumors assayed are shown as scatter graphs in Fig. 2B (arranged
Northern blot as described previously t8). Residual 28S and IrIS bands are shown, as is

the - 1.5-kb band corresponding to REA mRNA. according to ER) and Fig. 2C (arranged according to PR status of the

2797
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P 0.0024 epithelium. or percentage o1 stroitial or fat cell content within 0,
Stumor sections analyzed.

3 300
I Discussion

Our data show that the level of REA mRNA in human breav
. 200 tumors is significantly correlated with ER status and inversely corrc

S20fted with grade. These data are the first to identify a correlatiot

o 1 between REA mRNA expression and known prognostic and treatment
"" CPU response markers in human breast cancer biopsies. The positive cor-

S100 U a relation of REA and ER expression (a good prognostic variable and a

X *• marker of response to endocrine therapies) together with inverse
WJ correlation of REA expression and grade suggests that REA expres-

"� sion could also be a marker of good prognosis and likelihood or

cc" response to endocrine therapies such as antiestrogens. The loss ot
Low High statistical significance of the correlation between ER levels and REA

grade grade mRNA when only ER+ breast tumors were analyzed may be due to
the reduced numbers of observations in that analysis (n = 30 corn-

Fig. 3. For each tumor (n = 40-. REA expression was quantified and expressed in pared with n = 40 for total tumor cohort) or may indicate the
arbitrary units corrected for GAPDH stgnal as descnbed in ".Materials and .Methods," The
tumors were divided into low-grade (Nottingham grades 3-6: 0) and high-grade (Not- existence of some threshold effect associated with expression of ER
tingham grades 7-9:0). The results are presented as a scatter graph. Arrowt indicate the and REA. This latter suggestion together with the lack of correlation
median value in each group. REA epression is signifticantly higher in low-grade tumors or
compared with high-grade tumors o(iann-Whitney two-tailed, P = 0.0024ý. of absolute ER levels and REA mRNA in ERe tumors would be

consistent with our observation that REA expression, at least at the
RNA level, was found not to be regulated by estrogen.

tumor as measured by ligand-binding analysis). When the level of REA has been identified as a protein that interacts in a yeast-two

REA mRINA in tumors was assessed according to either ER status or hybrid system with a dominant negative mutant ERa (3). It was

PR status alone, as defined by ligand-binding analysis, the level of shown to be a selective repressor of ER (both ERa and ERI3) tran-

REA m/RNA was significantly (Mann-Whitney two-tailed test, scriptional activity as determined in transient transfection assays using

P = 0.0424) higher in ER-- tumors (median. 94.5, n = 30) compared several estrogen-responsive element-containing promoters regulating

with ER- tumors (median, 64.5: n = 10). with no significant differ- a chloramphenicol acetyltransferase reporter gene. Cotransfection of a

ences (P = 0.4988) associated with PR status alone (PR+ median. REA expression vector enhanced the potency of antiestrogens such as

91.5; n = 20; PR- median. 87.5: n = 20). 4-hydroxytamoxifen and ICI 182780. Furthermore, REA competi-

The relationship of the level of REA mR.NA levels with ER status tively reversed coactivator, i.e., SRC-I. transcriptional enhancement
in human breast tumor biopsies suggested the hypothesis that PEA of ER activity. Together these data suggest that REA is a corepressor

expression may be regulated by estrogens and/or progestins. How- of ER transcriptional activity.

ever, no effect of estrogen (10 n.,,t estradiol-17)3) on the steady-state The current concept of the mechanism by which nuclear hormone

REA mRNA levels in estrogen-depleted MCF7 cells was observed receptors regulate gene transcription involves three main components
over a 48-h time span (data not shown). In addition, no effect of as proposed by Katzenellenbogen et al. (9): the receptor, its ligands.

progestin (10 n,, medroxyprogesterone acetate) treatment on REA and its coregulators. Coregulators appear to consist of at least two

mRNA in T-47D cells was observed over a similar time span (data not classes: those that enhance nuclear hormone receptor activity, referred

shown). [t was concluded that the expression of REA mRNA was not to as coactivators. and those that repress nuclear hormone receptor

regulated by estrogens or progestins in human breast cancer cell lines. activity, referred to as corepressors (2). Furthermore. it has been

Correlation of REA Expression with Tumor Characteristics. suggested that differences in the ratios of expression of these two

Spearman analysis showed a significant correlation of the level of different groups of coregulators may underlie altered responses to

REA mRNA in the tumors with the level of ER as measured by steroid hormone agonists and antagonists (10-13). More recently, we

ligand-binding assays (Spearman r = 0.3231: P = 0.042) but no have provided the first evidence to suggest that an imbalance between

significant correlation with the level of PR as measured by ligand- factors that can enhance ER and factors that can repress ER transcrip-

binding assays (Spearman r = 0.2777: P = 0.0841). These data are tional activity occurs during human breast tumorigenesis in vito.

consistent with the data analyzed using clinically relevant cutoff Our data showed that the levels of expression of the two ER coacti-
values for ER (ER+ >3 fmol/mg of protein) and PR (PR+ >10 vators. steroid receptor RNA activator (14) and atmplified in breast

fmol/mg of protein) status as shown above. However. statistical cancer-I (15), were significantly increased in ER+ breast tumors

significance of the correlation of REA mnRNA and ER binding was compared with their normal adjacent breast tissues, whereas the level

lost when Spearman analysis was applied only to those tumors that of REA. a repressor of ER activity, was not significantly different
were ER+ (>3 fmol/mg of protein). The level of REA mRNA was between the tumors and normal breast tissues in the same patient

also found to be inversely correlated with tumor grade (Spearman cohort. However. this investigation used only ER-+ breast tumors and

r = -0.4375: P = 0.0054). When the tumors were divided into two could not address the question of REA expression in relation to steroid

groups based on grade (low. Nottingham grades 3-6: high. Notting- receptor status and other prognostic variables in breast tumors. In

ham grades 7-9). the level of REA mRNA (Fig. 3) was significantly addition, we and others have shown that the expression of the coac-

(Mann-Whitney two-tailed test. P = 0.0024) higher in low-grade tivators. steroid receptor RNA activator (16) and amplified in breast

(median. 97: n = 16) compared with high-grade (median. 76: n = 23) cancer-I (17). varies among breast tumors and can be correlated with

tumors, which is consistent with the Spea-man correlation analysis. steroid receptor status in some cases.
No significant correlations were found between the level of REA ER status itself is associated with grade, with most ER+ breast

mRNA and age. nodal status, percentage of normal duct and lobular tumors being low grade and having low tumor proliferation rates.
2798
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defined by the percentage of S-phase cells (1). and this may con- 4 L)4,.Ilaw. H.. Leygue, E.. Watson. P.. and Murphy. L. Estrogen receptor.-3 messenger
tribute to the inverse relationship of REA with grade observed in this RNA expression in human breast tumor hiopsies: relationship to steroid eceptur

,tatus and regulation by progestins. Cancer Res., 59. 529 -532. 1999.
study. However. REA expression is more strongly inversely corte- 5. Coutts. A.. Davic. J.. Dotzlaw. H., and Murphy. L. Estrogen regulation of nuclear

lated with grade than positively with ER status: therefore, it is possible matrix-intermediate filament proteins in human breast cancer cells. J. Cell. Biochem..

that a repressor of ER activity that can contribute to the proliferative 63. t74-184, 1996.
of breast tumor cells could have a significant negative effect 6. Dotzlaw. H.. Leygue. E.. Watson. P.. and Murphy. L. Expression of estrogen recep.tor-13 in human breast tumors. J. Clin. Endocrinol. Metab., 82: 2371-2374. 1997.

wreast cancer progression and thus functionally influence breast 7. Lcygue. E. R.. Watson. P. H.. and Murphy. L. C. Estrogen receptor variants in normal

•ntcer progression. It is speculated that the coexpression of ER and human mammary tissue. J. Nail. Cancer Inst., ,.I. 284-290. 1996.
therefore provide better prognostic information than either 8. Murphy. L. C.. and Doiziaw. H. Variant estrogen receptor mRNA species detected inREA may human breast cancer biopsy samples. Mol. Endocrinol.. 3: 687-693. 1989.

alone. 9. Katzenellenbogen. J. A.. O'Malley. B. W._ and Katzenellenbogen. B. S. Tripartie
ER status is also an important treatment response marker in human steroid hormone receptor pharmacology: interaction with multiple effector sites as a

8where the presence of ER in breast tumors increases basis for the cell- and promoter-specific action of these hormones. Mol. Endocrinol..
/0.: 119-131. 1996.

the likelihood of response to endocrine therapies such as antiestro- 10. Horwitz. K.. Jackson. T.. Bain. D., Richer. J.. Takimoto. G.. and Tung. L. Nuclear
giens. However, a significant portion of ER+ tumors will not respond receptor coactivators and corepressors. Mol. Endocrinol.. 10: 1167-1177. 1996.

to tamoxifen initially, and of those tumors that do respond, many It. Smith. C.. Nawaz. Z.. and O'Malley. B. Coactivator and corepressor regulation of the
-0agonist/antagonist activity of the mixed antiestrogen. 4-hydroxytantoxifen. Mol.ntually will develop resistance to tamoxifen and other endocrine Endocrinol.. I1: 657-666. 1997.

:apies (18). It has been speculated that altered relative ratios of 12. Szapary. D.. Huang, Y.. and Simons. S. S.. Jr. Opposing effects of corepressor and
coactivators and corepressors of ER may in part be a mechanism coactivators in determining the dose-response curve of agonists, and residual agonistasuchendcrinepresisors o E mainet parof be m heh ism activity of antagonists, for glucocorticoid receptor-regulated gene expression. Mol.
underlying such endocrine resistance. Direct proof of this hypothesis Endocrinol.. 13: 2108-2121. 1999.
in vivo remains to be provided by measuring expression of the 13. Lavinsky. R.. Jepsen, K., Heinzel. T.. Torchia. I.. Mullen. T.. Schiff. R.. Del-Rio.

relevant genes in human breast tumors that are known to be clinically A.. Ricote. Mil Ngo. S.. Gemsch. J.. Hilsenbeck. S.. Osborne. C.. Glass. C..
Rosenfeld. M.. and Rose. D. Diverse signaling pathways modulate nuclear recep-sensitive or resistant to tamoxifen and/or other endocrine therapies. tor recruitment of N-CoR and SMRT complexes. Proc. Natl. Acad. Sci. USA. 95:

However. the data presented here provide preliminary information 2920-2925. 1998.
that the expression of a specific repressor of ER activity varies among 14. Lanz. R.. McKenna, N.. Onate. S.. Albrecht. U.. Wong. L.. Tsai, S.. Tsai. M-J., and

O'Malley. B. A steroid receptor coactivator. SRA. functions as an RNA and is present
breast tumors and that expression is correlated with known treatment in an SRC-l complex. Cell. 97.: 17-27. 1999.

,ponse markers and inversely correlated with a marker of breast I5. Anzick. S.. Kononen. J.. Walker. R.. Azorsa. D.. Tanner. M.. Guan. X.. Sauter. G..
.incer progression. Kallioniemi. 0.. Trent. J.. and Meltzer. P. AIB1, a steroid receptor coactivator

amplified in breast and ovarian cancer. Science (Washington DC). 277: 965-968.
1997.
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Altered Expression of Estrogen Receptor Coregulators during Human

Breast Tumorigenesis'
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Abstract an outcome of enhancement or deregulation of ERa signaling that
may underlie alterations of estrogen responsiveness from indirect inThe hypothesis that altered expression of specific coactivators/repres- normal breast epithelium to direct in ERce± breast tumor cells. We

sors of the estrogen receptor occurs during human breast tumorigenesis in hav a ressedithis h othesb invesat t express Wo

vivo is examined in this study. Using in situ hybridization and reverse

transcription.PCR assays, the expression of two coactivators (SRA and known coactivators of ERa, SRA (7) and AIBI (10), and a repressortranscriptiof-ECa aAs(8),tat theremRon level inaER+vahuman(breast
AIBI) and one repressor (REA) of the estrogen receptor was compared or ERc, activity, REA (8), at the mRNA level in ER+ human breast

between matched breast tumors and adjacent normal human breast tis- tumors and their matched adjacent normal breast tissues. The coregu-

sue. The levels of SRA and AIB1 mRNA were increased in tumors lators studied were chosen because they were identified as either
compared with normal tissues (n = 19; Wilcoxon matched pairs test; selective for ERs and/or steroid receptors, e.g., SRA (7) and REA (8),
P < 0.01). In contrast, the expression of REA mRNA was not different or were identified previously to be of relevance in human breast
between tumors and normal tissues tn = 19; Wilcoxon; P = 0.110). The cancer in vivo, e.g., AIBI, which is frequently amplified in breast
ratios of AIBI:REA and SRA:REA were higher (Wilcoxon; P < 0.05) in tumors in vivo (10).
tumors compared with normal tissues. Furthermore, SRA:AIBI was
higher (Wilcoxon; P = 0.0058) in tumors compared with normal tissues. Materials and Methods
Although our study is small, these data are consistent with the above
hypothesis and suggest that such alterations may have a role in the altered Human Breast Tissues. Nineteen ER+ primary human breast tumor bi-
estrogen action occurring during breast tumorigenesis. opsies (ER-positivity was defined as >3 fmol/mg protein in classical ligand-

binding assays) were selected from the National Cancer Institute of Canada-
Introduction Manitoba Breast Tumor Bank (Winnipeg, Manitoba, Canada). The ER levels

3  ranged from 3.7-83 fmol/mg protein and the PR levels ranged from 2.7-112
During human breast tumorigenesis, enhanced activity of the ERa fmol/mg protein (PR-positivity was defined as > 10 fmol/mg protein in clas-

signaling pathway is thought to occur and to be a major driving force sical ligand binding assays; 14 tumors were PR+, and 5 tumors were PR-).
in breast tumorigenesis. The assumption derives from the observations For each case, matched adjacent normal and tumor frozen tissue blocks were
that only a minority of normal human breast epithelial cells have available. The quality of each block and the relative cellular composition was
detectable ERa (7-17% ERa+ ductal epithelial cells; Ref. I). determined by the histopathological assessment of sections from adjacent
whereas >70% of primary breast cancers are ERa+ (2). Furthermore, mirror-image paraffin-embedded tissue blocks, as described previously (11).

the majority of proliferating cells in normal human breast tissue is The presence of normal ducts and lobules as well as the absence of any atypical

ERu-. and estrogen only indirectly causes proliferation in normal lesion were confirmed in all normal tissue specimens. The tumors spanned a
wide range of grades (grade scores 5-9) as determined by the Nottingham

mammary tissues (reviewed in Ref. 3). However, estrogen can directly grading system.
cause proliferation of breast cancer cells (4), and many proliferating In Situ Hybridization. Paraffin-embedded 5-/.m breast tumor and
cells in ER+ breast tumors are ERa+ (5). matched adjacent nomnnal breast tissue sections were analyzed by in situ

Factors that enhance and repress receptor activity directly, namely hybridization according to a previously described protocol (12). The plasmid

coactivators and corepressors, now are considered to be important in pGEM-T-SRAcore, consisting of pGEMi(-T-easy plasmid (Promega, Madison.
mediating steroid receptor transcriptional activity (6). As well, exper- WI) containing a 397-bp insert of the human SRA eDNA (from nucleotide 300
imental modulation of levels of these two classes of coregulators was to 696. numnbered according to GenBank accession no. AF092038). was used
shown to alter steroid receptor transcriptional activity (7, 8). These as a template to gencrate sense and antisense riboprobes. The plausmid pGEM-

data suggest that not only are ERrs levels often increased during breast T-REA, consisting of pGEM".T-easy plasmid containing a 399-bp insert of the

tumorigenesis (9). but it is likely that other factors which modulate human REA cDNA (front nucleotide 385 to 783, numbered according to

ERa activity might also he altered during breast tumorigenesis with GenBank accession no. AF150962), was used as a template to generate sense
and antisense riboprobes. UTP 35S-labeled riboprobes were synthesized using
Riboprobe Systems (Promega, Madison, WI) according to the manufacturer's

Received 1/6/00: accepted 10/3/00. instructions. Sense probes were used as controls. In situ hybridization and
The costs of publication of this -article were defrayed in part by the payment of page washing conditions were as described previously ( 121. Sections were devel-

charges. This article must therefore be hereby marked advertisement in accordance with
IS U.S.C. Section 1734 solely to indicate this fact. oped using Kodak NTB-2 photographic emulsion and counterstained with

S Supported by grants from the Canadian Breast Cancer Research Initiative and the Lee's stain after 2-6 weeks.
United States Anny Medical Research and Materi£1 Command, The Manitoba Breast RNA Extraction and RT-PCR Conditions. Total RNA was extracted
Tumor Bank is supported by funding from the National Cancer Institute of Canada. from 20-gom frozen tissue sections (20 sectionstumor; 35 sections for normal
P. H. W. and L. C. M. are Medical Research Council of Canada Scientists.

2 To whom requests for reprints should be addressed, at Department of Biochemistry tissues) using Trizol reagent (Life Technologies, Grand Island, NY) according
and Medical Genetics. University of Manitoba. Winnipeg, MB. R3E OW3, Canada. to the manufacturer's instructions and quantified spectrophotometrically. One

!-• 3 Phone: (2041 789-3St': Fax: 1204)789-3900; E-mail: Rcmurph(cc.umanitoba.ca. g±g of total RNA was reverse-transcribed in a final volume of 25 j± as
S The abbreviations used are: SRA. steroid receptor RNA activator; AIB 1, amplified in described previously (13).

breast cancer- I" REA. repressor of estrogen receptor activity: ER. estrogen receptor: PR.
progesterone receptor: RT. reverse transcription: GAPDH. glyceraldehyde-3-phosphate Primers and PCR Conditions. The primers used were: (t) SRAcoreU
dehydrogenase: DCIS. intraductal carcinoma, primer (5'-AGGAACGCGGCTGGAACGA-3'; sense; positions 35-53; Gen-
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Bank accession no. AF092038) and SRAcoreL primer (5'- AGTCTGGG- Results
GAACCGAGGAT-3'; antisense; positions 696-678; GenBank accession no.
AF092038); (b) AIB I-U primer (5'-ATA CTT GCT GGA TGG TGG ACT-3'; Characterization of SRA and REA RNA Expression in Human
sense: positions 110-130; GenBank accession no. AF012108) and AIBI-L Breast Tissues by in Situ Hybridization. SRA is functional as an
primer (5'-TCC TTG CTC TTT TAT TTG ACG-3'; antisense; positions RNA molecule (7), and because no antibodies are available for the
458-438; GenBank accession no. AF012108); and (c) REA-U primer (5'- immunohistochemical detection of REA. we have therefore used an in
CGA AAA ATC TCC TCC CCT ACA-3'; sense; positions 385-405; Gen- situ hybridization approach to determine the cellular localization of
Bank accession no. AF15(Y)62) and REA-L primer (5'-CCT GCT TTG CTT expression of SRA and REA RNA in human breast tissues. Fig. I
TTT CTA CCA-3'; antisense; positions 781-761; GenBank accession no. exresion of thA and oAR ain an tiss u es F.AF15062).shows examples of the results obtained. Antisense RNA probes toAF150962).

Radioactive PCR amplifications for SRA were performed and PCR products SRA showed a strong signal over the epithelial tumor cells of an ER+
were analyzed as described previously (14). with minor modifications. Briefly, human breast tumor section (Fig. IA), with little, if any, signal
I ,l of RT mixture was amplified in a final volume of 15 g1 in the presence obtained when sense SRA probes were used on the adjacent section of
of 1.5 ACi of [a_32PIdCTP (3000 Ci/mmol), 4 ng/jdI of each primer, and 0.3 the same tumor (Fig. IC). Low levels of SRA expression were
unit of Taq DNA polymerase (Life Technologies, Inc.). For SRA, each PCR detected mainly over the ductal epithelial cells of normal breast tissue
consisted of 30 cycles (30 s at 60°C, 30 s at 72°C, and 30 s at 94°C). PCR from the same patient. This result paralleled that for AIR I. where it
products were then separated on 6% polyacrylamide gels containing 7 M urea. was previously shown using in situ hybridization that AIB I mRNA
After electrophoresis, the gels were dried and exposed for 2 h to a Molecular expression was significantly increased in breast cancer cells carrying
Imager-FX Imaging screen (Bio-Rad, Hercules, CA).

PCR amplifications for AIBI and REA were performed and PCR products increased copies of the AIBI gene compared with normal breast

were analyzed as described previously (13), with minor modifications. Briefly, epithelial cells, although it was not stated that these samples were
I A.t of RT mixture was amplified in a final volume of 20 g1, in the presence from the same patient in this study (10). In contrast, when the in situ
of 4 ng/jil of each primer and 0.3 unit of Taq DNA polymerase (Life expression of REA mRNA was examined in an ER+ tumor and its
Technologies. Inc.). matched adjacent normal breast tissue (Fig. 1, D and E, respectively).

For AIBI. each PCR consisted of 30 cycles (30 s at 550 C, 30 s at 72'C. and little difference could be seen between the signal over the epithelial
30 s at 94"C). For REA. each PCR consisted of 30 cycles (30 s at 57°C, 30 s breast tumor cells compared with the normal breast epithelial cells.
-it 72"C. and 30 s at 94"C). PCR products then were separated on agarose gels Furthermore, little if any signal was observed when REA sense probes

stained with ethidium bromide as described previously (13). Amplification of
the ubiquitously expressed GAPDH eDNA was performed in parallel, and PCR were used (Fig. IF). These data suggested that the expression of the

products were separated on agarose gels stained with ethidium bromide as steroid receptor-specific coactivator, SRA, in addition to AIBI (10)
described previously (13). The identity of PCR products was confirmed by was significantly increased in breast tumor cells compared with nor-
subcloning and sequencing, as reported previously (15). mal breast epithelial cells, whereas the expression of a specific ER-

Quantification of SRA Expression. Exposed screens were scanned using repressor was not altered in breast tumors compared with normal
a Molecular Imager-FX (Bio-Rad) and the intensity of the signal correspond- breast epithelial cells. To investigate this further, we developed a
ing to SRA was measured using Quantity One software (Bio-Rad). Three semi-quantitative RT-PCR approach to measure the expression of
independent PCRs were performed. To control for variations between exper- these coregulators in multiple samples of ER+ breast tumors and their
iments, a value of 100% was arbitrarily assigned to the SRA signal of one matched adjacent normal breast tissues, as described below.
particular tumor measured in each set of PCR experiments, and all signals were
expressed as a percentage of this signal. In parallel, GAPDH cDNA was Comparison of Expression of SRA and Deleted SRA in Adja-

amplified, and after analysis of PCR products on prestained agarose gels, cent Normal Breast Tissue and Matched Primary Breast Tumors.
signals were quantified by scanning using MultiAnalyst (Bio-Rad). Three Previously we have detected two SRA PCR products of 662 and 459
independent PCRs were performed. Each GAPDH signal was also expressed as bp in human breast tumors (14). Cloning and sequencing revealed the
a percentage of the signal observed in the same tumor as above. For each identity of the 662-bp fragment with the SRA core region (7) and the
sample. the average of the SRA signal was then expressed as a percentage of 459-bp fragment as a variant form of SRA deleted in 203 bp between
the GAPDH signal (arbitrary units). positions 155 and 357 (numbered according to GenBank accession no.

Quantification of the Relative Expression of the Deleted SRA Variant
RNA. It has been shown previously that the coamplification of a wild-type AF092038). The current analysis identified the 662-bp product in all

and a deleted variant SRA eDNA resulted in the amplification of two PCR breast tissue samples assayed. As well, a 459-bp product correspond-
products, the relative signal intensity of which provided a reliable measure- ing to the deleted SRA transcript was detected in the majority of
ment of the relative expression of the deleted variant (15). For each sample, the tumors (n = 18) and normal samples (n = 17). always together with
signal corresponding to the SRAdel was measured using Quantity One soft- the 662-bp product (Fig. 2A). Therefore, core SRA is expressed in all (
ware (Bio-Rad) and expressed as a percentage of the corresponding core SRA human breast tissues, and expression of the deleted SRA is not
signal. For each case, three independent assays were performed and the mean tumor-specific.
determined. To determine whether alterations in SRA expression occur during

Quantification of REA and AIBI Expression. After analysis of PCR
products on prestained agarose gels, signals were quantified by scanning using
MultiAnalyst (Bio-Rad). At least, three independent PCRs were performed. To tumors and their adjacent matched normal breast tissues from 19
control for variations between experiments, a value of 100% was arbitrarily different patients (examples shown in Fig. 2A). The analysis was
assigned to the REA or AIBI signal of one particular sample and all signals confined to tissues from women whose breast tumor was ER+ as
were expressed as a percentage of this signal. For each sample, the average of determined by ligand-binding assays. SRA expression corrected for
REA or AIB I signals was then expressed as a percentage of the average of the the GAPDH signal in each sample for all matched normal and tumor
GAPDH signal (arbitrary units), as described above, pairs is shown in Fig. 3A. The level of core SRA was significantly

Statistical Analysis. Differences between normal samples and their higher (Wilcoxon matched pairs test; P 0.0004) in the tumors
matchedhghe tuoswr(etduigteWilcoxon matched pairs test, two-t004ainthledormatched tumor% were tested using the Wilcoxon matched pairn test, two-tailed. (median = 63 arbitrary units) compared with their adjacent normal

Differences between the relative expression of cofactors (e.g., IogAIBI:REA)
tissue (median = 7 arbitrary units). When detected, expression of the

obtained for matched nonnal and tumor compartments were also tested using
the Wilcoxon matched pairs test. two-tailed. Correlation between SRA, REA, deleted SRA relative to the core SRA was not significantly different
or AIBI expression and tumor characteristics was tested by calculation of the between normal breast tissue and tumors (data not shown). These data
Spearman coefficient R. suggested that core SRA expression is up-regulated, but the relative
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Fig I. In stilt hytbridi,,aton inl alys-ss of ,'€RA anid RI ]A RNA cxpression in humnan hreast tissue sectiins. Antiscnse SRA rihoprohes (A and BII were used to' detect SRA RNA

expression in a section from an ER+ human breast tumor (A) and the matched normal breast tissue from the same patient (B). Sense SRA riboprobes were used as a specificity control.
and the results from the adjacent section of the tumor shown in A are shown (C). Antisense REA riboprobes (D and E) were used to detect REA mRNA expression in a section from
an ER+ human breast tumor (D) and the matched normal breast tissue from the same patient (E). Sense REA riboprobes were used as a specificity control and the results from the
adjacent section of the tumor shown in D are shown (F). Magnification X 100. Black dotsg rains, hybridization signals: colored background. counterstaining.

expression of a deleted SRA is not altered, during breast tumorigen- Detection of REA mRNA in Normal and Neoplastic Human
esis. Breast Tissues. To determine whether alterations in expression of a

The level of core SRA in the tumor cohort used in this study was corepressor, i.e., REA, also occurred during breast tumorigenesis, an
not correlated with PR status, grade, tumor size, or nodal status. RT-PCR approach was developed. The REA-specific primers ampli-
However, the relative expression of the deleted SRA in the tumors fied a predicted 397-bp fragment in normal breast tissues (Fig. 2C). in
was positively correlated with grade score (Spearman R = 0.556; breast tumors (Fig. 2C), and in breast cancer cells (data not shown).
P = 0.0135) and tumor size (Spearman R = 0.655; P = 0.0023), but Cloning and sequencing confirmed the identity of the 397-bp PCR
not with PR or nodal status. These data suggested that increased product as REA (8). This product was used to probe Northern blots of
relative expression of a deleted SRA is more likely to occur in those RNA extracted from human breast cancer cells and breast tumor

breast tumors with characteristics of a poorer prognosis, and may be biopsies. An - 1.5 kb transcript was detected, consistent with the REA
associated with breast tumor progression. mRNA described previously (data not shown; Ref. 8).

Altered Expression of AIBI mRNA between Breast Cancer and To determine whether REA expression was potentially altered
Adjacent Matched Normal Breast Tissues. To pursue further the during breast tumorigenesis. REA mRNA levels were measured in
possibility that an imbalance in expression of activators of ER action ER+ breast tumors and their adjacent normal breast tissues (examples
may occur during breast tumorigenesis, we investigated in the same in Fig. 2C) from the same 19 different patients described above. REA
samples the expression of another coactivator of ER activity, AIB1 expression corrected for the GAPDH signal (Fig. 21)) in each sample

(10). AIBI is overexpressed in several human breast tumors (10, 16), for all matched pairs is shown in Fig. 3C. REA expression was not
although to our knowledge measurement of its RNA expression in a significantly different (Wilcoxon matched pairs test: P = 0.110) in the
series of matched normal and breast tumor tissues was not reported tumors (median = 84.6 arbitrary units) compared with the adjacent
previously. A113I-specific primers anmplified a predicted 349-bp frag- normal tissues (median = 69.8 arbitrary units). REA expression in the
ment in normal breast tissues (Fig. 2B), in breast tumors (Fig. 2B), and tumors was not correlated with PR status, grade, tumor size, or nodal
in breast cancer cells (data not shown). Cloning and sequencing status.
confirmed the identity of the 349-bp PCR product with AIBI (10). Altered Relative Expression of Coactivators and Repressors
Expression of AIBI corrected for the GAPDH signal in each tissue during Human Breast Tumorigenesis. The above data suggest that
sample for all of the matched pairs is shown in Fig. 3B. Expression of alterations in the relative expression of ER activators and repressor
AIBI mRNA was significantly higher (Wilcoxon matched pairs test; occurred during breast tumorigenesis. To address this question, the
P = 0.0058) in tumor samples (median = 67.8 arbitrary units) relative expression of SRA and AIBI mRNA to REA mRNA was
compared with adjacent normal tissues (median = 36.6 arbitrary compared between the breast tumors and the normal tissues. Results
units). These data are consistent with previous data (10, 16) and are shown in Fig. 4. The ratio of SRA:REA (Fig. 4A) was significantly
suggest that expression of another ER coactivator is significantly higher (Wilcoxon matched pairs test; P = 0.0003) in tumors (medi-
increased during breast tumorigenesis. Expression of AIBI in this an = 87 arbitrary units) compared with normal tissues (median = 12
tumor cohort was not correlated with PR status, grade, tumor size, or arbitrary units). Similarly, the ratio of AIBI:REA (Fig. 4B) was

nodal status. significantly higher (Wilcoxon matched pairs test; P = 0.0414) in
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1 2 3 4 Discussion

N T N T N T N T In summary, although the RNA levels of two coactivators, SRA and
AIBI, are significantly up-regulated in ER+ breast tumors compared

WN d~ - core SRA with adjacent normal tissues, the RNA of a specific repressor of ERA.€ Rde 62b activity, REA exhibits no significant up-regnhtiton during breast tu-
4 SRAd morigcnesis in thc same samples. These data are consistent with the
459 hp, 1

hypothesis that factors enhancing ER activity are up-regulated in
B . AIBI breast tumors, whereas factors repressing ER activity are not in-3349 bp creased, providing a potential molecular basis for cnhanced/altered

SREA estrogen action in human breast tumors. This is further supported byC 397 bp observations that the ratios of SRA:REA and AIB I:REA arc increased

in breast tumors compared with normal breast tissue. Interestingly. the
P increased relative expression of SRA:REA is greater (a 7.3-foldD GAPDH

178bp increase in median relative expression) than that for AIBI:REA (a
1.4-fold increase in median relative expression) between normal

Fig. 2. A. detection of SRA and SRAdel in normal breast tissue adjacent to matched breast is se in mors, restiv e expression

primary. ER-+ invasive breast cancer. RNA extracted from matched breast tumors and breast tissue and tumors, suggesting differentially altered expression
adjacent matched normal breast tissue was extracted from 19 different patients and of coactivators during breast tumorigenesis. This is supported by the
assayed for SRA expression using RT-PCR as described in "Materials and Methods." observation that the ratio of SRA:AIB I is also significantly increased
PCR products were separated on 6% acrylamide gels. which were dried, exposed to
phosphor-imaging screens. and scanned using a Molecular Imager-FX. A digitized in tumors (a 4.1-fold increase in median relative expression) corn-
image showing the results obtained from four sets of normal tissue (N) and matched pared with normal tissues.
tumor tissue (7) is shown. Arrows. the expected 662-bp core SRA PCR product (SRA
core. confirmed by sequence analysis) and a 459-bp deleted SRA variant PCR product SRA and AIBI likely mediate their efTets on ER activity via
SRAleI). sshich was identified by sequence analysis to correspond to an SRA variant different mechanisms (7). SRA, unlike AIB I, functions as an RNA

deleted in sequences from position 155 to 357 (Genfank accession no. AF092038). B. molecule (7). Also SRA requires the structurally and functionally
detection of AIB I in normal breast tissue adjacent to matched primary, ER+ invasive
breast cancer. RNA was extracted and assayed for AIBI expression using RT-PCR as distinct N-terminal/AFI region of steroid receptors compared with
described in "Materials and Methods.'" After analysis of PCR products on prestained AIB I, which requires the COOH-terminal/AF2 domain (6), possibly
agarose gels. signals were quantified by scanning using MultiAnalyst. Ethidium suggesting that estrogen target gene cascades could be differentially
bromide-stained gel of the RT-PCR analysis of four sets of normal tissue (N) and
matched tumor tissue (73 is shown. Arrows, the expected 349-bp AIBI PCR product regulated by the relative expression of different coactivators. There-
(confirmed by sequence analysis). C. detection of REA in normal breast tissue fore ER signaling could be altered during breast tumorigenesis. Such
adjacent to matched primary. ER+ invasive breast cancer. RNA was extracted and
assayed for REA expression using RT-PCR as described in "Materials and Methods," alterations during breast tumorigenesis are supported by the marked
After analysis of PCR products on prestained agarose gels. signals were quantified by difference in breast epithelial growth responses to estrogen occurring
scanning using MultiAnalyst. Ethidium bromide-stained gel of the RT-PCR analysis during this process, i.e., from indirect in normal to direct in breast
of four sets of normal tissue (N) and matched tumor tissue (T) is shown. Arrows, the
expected 397-hp REA PCR product (confirmed by sequence analysis). D, ethidium cancer cells (3-5).
bromide-stained gel of the RT-PCR analysis of GAPDII mRNA run in parallel for the It is the core region of SRA that is necessary and sufficient for the
same samples. Arrow. the expected 178-bp GAPDH PCR product. coactivator activity of SRA (7). Our primers for SRA (14) will detect

all SRA isol'orms containing core sequences, and we assume that our
measurement of all intact core SRA-like RNAs correlates with total

tumors (median = 86.7 arbitrary units) compared with normal tissues SRA activity present in any one tissue. These primers also detect a
(median = 61.3 arbitrary units). Furthermore, the ratio of SRA:AIBI previously described isoform of SRA (GenBank accession no.
(Fig. 4n(- was significantly higher (Wilcoxon matched pairs test; AA426601) containing a deletion of sequences within the SRA core.
P = 0.0058) in tumors (median = 94.3 arbitrary units) compared with Deletions within the core were reported previously to result in the loss
normal tissues (median = 22.8 arbitrary units). suggesting that the of SRA activator function (7). It is likely that this deleted variant is
relative expression of ER coactivators may also change during breast inactive with respect to coactivator activity and could function to alter
tumorigenesis. steroid signaling in breast tumors and contribute to the more aggres-

Fig. 3. Comparison of the expression of SRA. A. B. C.
AIBI. and REA in adjacent normal breast tissue and
matched primtary breast tumors. For each patient 140 140 140
In = 19), SRA. AIRI. and REA expression was
quantified and expressed in arbitrarv units corrected Z 120 • 120 120
for (GAt1hl signal as described in "Materials and "
Methods.- The results we presented as a scatter •"
graph. The normal samples are represented by E and 100 100 100
the tumor samples by (0. Each matched normal and '0 .0'4
tumor sample is joined by a line. Arrows, the median so 80 ' 80 S 80
value in each group. A. the level of SRA expression in C
nonusal tissue is significantly different to the level of 60 600

01 6 so0 60SRA expression in the tumor tissues (Wilcoxon 4E
matched pairs test, two-tailed: P = 0.0004). B. the C L
level of AItII expression in nomial tissue is signifi- 40 Wu 40 L. 40
cantly different from that in the tumor tissues (Wil- W W
coxon matched pairs test. two-tailed: P = 0.0058). C. 2012
the level of RFA expression in normal tissue is not 20 20 20
significatntly different from the level of REA expres-
sion in the ttumior tissues (Wileoxon isatched pairs
test. two-tailed: P 1 0.1 lOt. N T N T N T
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A. B. C.
Fig. 4. Comparison of the relative expression of

SRA. REA. and AIR) in adjacent normal breast tissue
and matched primary breast tumors, For each sample
the expression of SRA. REA. and AIB! has been 160 230 160
quantified as described in "Materials and Methods,"
and the ratios SRA:RI-A (A). AlBl:REA (B), and 140 140
SRA:AIBII (C) have been calculated. The results are "
presented as a scatter graph. The normal samples are t
represented by EJ and the tumor samples by 0. Each =, 120 120 , 120
miatched normal and tumor sample is joined by a line. t' - --
Arro'is. the median values in each group. A. the • 100 100 • 100
relative expression of SRA:REA expression in nor- M
real tissue is significantly different from that in the 80 fl80
ntumor tissues (Wilcoxon matched pairs test. two- 2 '0 .2 80

tailed: P = 0.0(W). B. the relative expression of E P P
.\It):RFA expression in normal tissue is signifi- cL 60 C. 60 0. 60

cantis different from that in the tumor tissues IWil- W Ii" t
coxon matched pairs test, two-tailed: P = 0.0414). C. W 40 uJ 40 40
the relative expression of SRA:AIBI expression in
nootal tissue is significantly different from that in the n 20 , 20 u 20
tlumr tissues (Wilcoxon mniatched pairs test, two-

tailed: P = 0.0058). ," .

N T N T N T

sire phenotype assiociated with pgo rcr-pro1gnosis tumors, which in- Rccentlt. a ',Iudy %%a% Itthlihed I10) in which 'xh ERa wad the
chide characteristics such 1ts high grade and largc lunlor size. A coactivator T11:2 were found to be significantly increa.ed in intraduc.
similar relationship of thc relative expression of the deleted SRA and tat carcinomas compared with normal mammary gland tissue. This
grade was also found in a previously described but separate breast study suggested as well that ERrn and a general corepressor N-('oR
tumor cohort (14). are reduced in invasive breast cancer compared with DCIS. Although

Recently. REA was identified as a specific repressor of ligand- these results are consistent with our data and support the hypothesis
occupied ER (ERrs and ERG, but not other steroid or nuclear recep- that there may be an up-regulation of factors associated with increased
tors) transcriptional activity (8). Furthermore, part of its mechanism ER signaling in breast tumorigenesis, the number of cases screened
appeared to involve competition with coactivators such as SRC-I (6). was small compared with our study, the normal samples and DCIS
It differed from previously identified corepressors such as N-CoR/ samples were not matched, i.e., were not from the same patient, to the
S\IRT (6) because it was selective for ER as opposed to generally invasive breast cancer samples, and furthermore not all tumors were
effecting members of the nuclear receptor family (8). Because REA ER+. These factors introduce biological heterogeneity because the
was selective for ER. it was relevant to investigate it in breast tissues, natural history of ER+ and ER- breast cancers.ot'distinct. and it is
Our data suggest that REA expression is not altered in breast tumors likely that the factors involved in the development of ER- versus
compared with normal breast tissues. ER+ breast cancer are different. Also, the lack of matched samples

Although the assessment of expression by RT-PCR will only allow with respect to comparisons among normal, intraductal, and invasive
measurement of global expression of these genes in heterogeneous breast cancer introduces significant issues associated with patient-to-
tissue sections. our in situ hybridization data support the conclusion patient variability with respect to alterations which may be influenced
that the major cell type expressing SRA or REA in breast tissue is the by age and menopausal and other hormonal status, and may be
epithelial cell. either normal or neoplastic. Previous data have con- significantly different between the groups compared and therefore
firmed that AIB I mRNA is expressed in the epithelial component of confound the interpretation of the results.
both normal and neoplastic breast tissue (10). Therefore, our RT-PCR We have used matched normal and breast cancer tissues as surro-
results likely represent expression differences in the epithelial com- gates for breast tumorigenesis; however, it is acknowledged that
ponents of the tissues examined. Furthermore, SRA, AIB I, and REA breast tumorigenesis is a complex process, and an investigation of
were shown to be expressed in human breast cancer cell lines in different morphological lesions thought to parallel the evolution of
culture (7, 8. 10). Our in situ hybridization data are consistent with the normal breast tissue to invasive breast cancer is necessary before more
RT-PCR data as well. Although further study is needed to confirm definite conclusions can be made. However, this study is the first, to
the relation between ER and these cofactors within individual cells, the our knowledge, that uses multiple matched samples of normal breast
data support the hypothesis that relative changes between coactivators tissue and their ER+ tumors, and provides evidence that the relative
(SRA and AIB I) and a corepressor (REA) can occur in breast tumor- expression of coactivators and corepressors, which are highly relevant
ieenesis in tivo. an important point required to provide in vivo with respect to the ER signal transduction pathway. can be signifi-
relevance for several previously published studies concerning altered cantly altered between nornmal human breast and breast tumors in vivo.
coactivators and coregulators using laboratory model systems. Parallel In conclusion, although our study is small, the results presented are
it situ studies of AIB I and REA protein levels, but not SRA (active consistent with the hypothesis that a significant up-regulation of ER
as an RNA molecule), are required to provide unequivocal evidence of signaling occurs during breast tumorigenesis in ER + tumors. This is
thie relative chtatges between coaclivalors and corepressors during reflected not only in the increased expression of ERa shown previ-
breast tunmtrigenesis. Unfortunately, there are presently no commer- ously, btut now also in an increase in factors that call activate ER
cially available antibodies to REA, and available AIBI antibodies activity without a concomitant increase in factors that can repress ER
cannot be used for immunohistochemical analysis. However, the activity. Despite the obvious need to study protein levels where
available data based on Western blot analysis of breast and ovarian appropriate, when reagents become available, the possibility now
cancer cell line extracts suggest that there is a quantitative relationship exists that an imbalance in the expression of repressors and activators
between AIB I mRNA and protein levels (17, 18). of ERa can occur during human breast tumorigenesis in vivo and may
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OR197
SOVEREXPRESSED PITUITARY TUMOR TRANSFORMING GENE

(PTTG) MEDIATES EARLY THYROID TRANSFORMATION AND
IS ASSOCIATED WITH FOLLICULAR LESIONS.
Heaney A P". Nelson V. Horwitz G A. Fernando M. Melmed S. Cedars-
Sinai Research Institute-UCLA School of Medicine. Los Angeles, CA.

Pituitary Tumor Transforming Gene (PTTGj, isolated from GH-secreting
adenomas. exhibits in vitro and in vivo transforming activity and regulates
bFGF secretion. Preservation of a C-terminal proline-rich motif (P-X-X-P) is
crucial for these functions. As PTTG facilitates chromatid separation during
mitosis. PTTG overexpression may cause aneuploidy. thereby increasing cell
susceptibility to oncogetic esents. We demonstrated high PTTG expression
in colorectal tumors, where highest P77"G expression was observed in
invasive carcinomas We also observed that PTTC is regulated by estrogen.
and as thyroid cancer sho,, a striking female preponderance, and well-
characterized phenotypes xai be readily identified. we examined PTTG
expression in 31 thyroid tumnors. and matched normal thyroid tissue. In
human tumors, increased PT7G expression Ž_> 2 SD) was observed in 9/13
cases of thyroid hyperplasia (imean ± SEM PTTG fold-increase, 1.9 ± O.53).
7/9 follicular adenomas (PTTG fold-increase. 1.9 ± 0.3). I/ follicular
carcinoma ( PTTG fold-increase: 1.4) but only 3/6 papillary carcinomas
iP7TG fold-increase. 0.84 = 0.15). In FRTL5 thyroid cells. TSH (10-20
mu/I) induced a 4-fold increase in pitg mRNA expression and FRTL5
transfectants overexpressing human PTTG formed colonies in soft agar
(colony no. mean = SEMvl; vector. 10 = 3.2: wt-PTTG. 55 ± 8.6; mut-RTOG.

1)3 - 54, p < 0.001) and showed increased PCNA immunostaining.
oumpared to cells transfected with vector alone or PTTG-constructs bearing

mutations in the P-X-X-P motif. Conclusions: PTTG is regulated by TSH.
transforms thyroid cells in vitro and PTTG is differentially overexpressed in
follicular compared to papillary thyroid cancers. We propose that PTTG
overexpression in follicular neoplasms leads to increased LOH events.
relatively common in thyroid follicular lesions, but infrequent in papillary
thyroid cancers. PT7TG ignaling is therefoie important as a determninant of
the divergence of follicular versus papillar, thyroid cancer phenotypes.

OR198 OR200
PTOVI, a novel protein overexpressed in prostate cancer, contains a new class of ALTERED EXPRESSION OF ESTROGEN RECEPTOR (ER)protein modules COREGULATORS DURING HUMAN BREASTBenedit p', Thomson TMi6s, Reventos Jl.. Valeri Mi. Nadal M'. Caceres Ci, de TUMORIGENESIS.
Torres I", Estivill X", Lozano J., Morote Ji. and Pactucci Ri'Unitat de Recerca Biomedica, Hospital Materno-nrfantil. Hospitals Vail dI-ebron; Murphy LCi'. Simon S', Parkes A', Leygue E'. Dotzlaw H'. Snell L:,:Centre de Genetica Molecular, Instirut de Recerca Oncol6gica; 'Servei d'Anatomia Troup Sý. Adeyinka AI,Watson PH 2

.Patol6vica. Hospitals Vail dlHebron. 'Grup de Recerca en Informitica Msedica. tnstitut 'Dept of Biochemistry. -Dept of Pathology. University of Manitoba.Municipal d'lnvestigaci0 `Medica i Universitar Pompei Fabra; 5Servei d'Urologia, Winnipeg. Manitoba,. R3EOW3, Canada.Hospitals Vail d'Hebr6n, 5lnstirut de Biologia Molecular. CSIC. Barcelona.Span.'Presenting author The hypothesis that altered expression of ER coactivators & corepressors occtWe haie isolated and characterized a gene and its encoded protein. not described duritg hutan breast tumorigenesis in vivs is examined in this studs,. Usingaspreviously, which we have called PTOVI (rostaate tumor hyerexpressed) q uaat breese trasription p oy rs ehamin in assays, s(The cDNA for PTOrl was identified in differential display experiments, and shown quantitative reverse transcription polymerase chain reaction assays, the expresto be overexpressed in prostate cancer, as determined by sermiquantitative RT-PCR. two coacttvators Steroid Receptor RNA Activator (SRA), and Amplified In B,Specific antibodies to PTOVI were generated, whIch allowed to study the subhellular Cancer I (AIB I) and a repressor. Repressor of Estrogen Receptor Activity (RIlocalization of this protein, as well as its in siru expression in normal and tumor ER were compared between adjacent normal breast tissue and their matched bprostate The subcellular localization of PTOVI was fiurther confirmed by means ofin tumors. The level of SRA was significantly higher (n = 19, Wilcoxon matchec,ttro expression of chimenc GFP-PTOVI constructs Immunohistochemistry with test. P = 0.0004) in the tumors (median = 63 arbitrary units) compared to theianti-PTOVI antibodies confirmed its overexpression in prostate tumors, which adjacent normal tissue (median = 7 arbitrary units). In the same samples the 1haffected areas of carcinoma cells as well as areas characterized as prostate AIB I mRNA was significantly higher (Wilcoxon, P = 0.0058) in tumor sampintrseptthelial neoplasia (PIN), the first morphologscally recognizable neoplastic (median = 67.3 arbitrary units) compared to adjacent normal tissues. In contralesion .n prostate cancer Therefore. PTOVI has been found overexpressed both in leel o 67.arbitras not sgicantl difeent n tis9 . Incontraearly and late stages of prostate cancer level of PEA rRNA was not significantly different (n = 19. Wilcoxon. P = 0
The PTOtl/ gene was Isolated. sequenced, and its structure Characterized. It consists in the tumors (median = 84.6 arbitrary units) from the adjacent normal tissuesof !2 exons, and it is localized in chromosome 19.q13 3 PTOVI MRNA was found in (median = 69.8 arbitrary units). When the relative expression of SRA and AIEa range of normal human tissues, including brain, heart, skeletal muscle, kidney and mRNA to REA mRNA was compared between breast Tumors and normal tissliser, with expectedly low levels in normal prostate. Expression of PTOV was found ratio of SRA/REA was significantly higher (Wilcoxon. P = 0.0003) in tumorsupreeslated by androgens in vitro The structure of the PTOVI protein is remarkable. Imedian = 87 arbitrary units) compared to normal tissues (median = I2 arbitrain that it consists almost entirely of a tandemly repeated domain, separated by a short units). Similarly, the ratio of AMB UREA was significantly higher (Wilcoxon. Ilinker 7eetnde We have 'dentfied a Drosophila homolog of PTOVI. which shows 0.0414) in tumors (median = 86.7 arbitrary units) compared to normal tissuesaiso bhe same repeated domnaun structure Furthermore, we have identified a second

human gene, and !is Drosophila homolog. predicted to encode a protein with a single Imedian = 61.3 arbitrary units). Interestingly, the relative expression ii SRA/•PTO' corntun We have given the name PTOV2 to this protein. Human and was higher (Wilcoxon. P = 0.0058) in tumors compared to normal tissues, sulDrosophila PTOV2 comanm regions extending towards their amino and carboxy the possibility that coactivators with different mechanisms of action weretermini which show conservation between both organisms, and containing differentially altered during tumorigenesis. Our data support the above hypothpoelg!utamine-nch stretches Extensive database searches have not allowed the and suggest that such alterations may have a role in altered estrogen action th,:dentification of any known proteins. domains or motifs with significant similarities to occurs during breast iumorigenesis.:!e PTO"." omaris Therefore, the PTOV domain is A new class of protein modules
Present .n iuman, rodent and tv proteins
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Sc)S1.igeirl rcceptors (l:.Rs) in human breast tuniorignecsis and breast cancer progression
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I)Hnrillg human breast tumorigenesis enhanced and/or altered acti\ it\ of the FR sigtnaling pathway is thought to occur
ard be a major driving force in breast tumorigenesis. The assumption derives from the observations that only a
minority of normal human breast epithelial cells have detectable FR (7 - 170o ER positive ductal epithelial cells)
although greater then 70% of primary breast cancers are ER positis e. A\s well, the majority of proliferating cells in
normal human breast tissue is ER negative and estrogen only indirectly effects proliferation in normal mammary
Iissues, f-lowever, estrogen can directly cause proliferation oftER breast cancer cells and many proliferating cels in
bhiCast tumors are ER--. Additional alterations in ER signaling arc thought to occur during breast cancer progressior

,ince many ER ÷- breast tumors are de novo resistant to endocrine therapics and a sign iticant proportion of tumors
which originally respond to endocrine therapy. decelop resistance to cmidocrimi therapies despite th1e continued
e~xpression of ER. In order to understand the niechan sins undCr ill th- t iese alterations during humanl
breast tumorigenesis and breast cancer progression ii vivot. \\e has C is\Csti gnatcd ER isot'orns expressed in hUm.lanl
breast tkisues and the expression of several corecgulators of ER trnscriptianal aCtiVit\ in human breast tissue. Using
semi-quantitative reverse transcription polymerase chain reaction ssa%\ s (RI-PCR), the expression of ERQ, ER,.
two coactivators (SRA. AIB I ) and one corepressor (REA) of ER activity v~as compared between ER-e breast tumors
and their matched adjacent normal human breast tissues. We found that lLRca ERIB, and their variant mRNAs are
expressed in both normal and neoplastic breast tissues. The relative expression of ERQ / ERP is signficantly altered
between ER- breast tumors and their matched adjacent normal breast tissues. Further, this increase in ERcj. / ERP
ratio is primarily due to a significant increase in ERou mRNA expression in conlunction with a lower ERP mRNA
expression in the tumor compared to normal tissue in sonic but not all ER + cases. Furthermore, the relative
expression of both ERc, and ERP variant mRNAs changes during breast tumorigenesis. In addition, the levels of the
two ER coactivators. SRA and AIB I mRNA are increased in tumors compared to normal tissues. In contrast, the
expression of the ER corepressor, REA mRNA is not significantly different between turnors and normal tissues.
These results have been confirmed using it, si/tl hybridization analyses. Consistent with these data, the ratios of
AIBI/REA and SRA'REA are higher in tumors compared to nortial tissues. Furthermore, the ratio of SRAiAIB I is
higher in turilors compared to normal tissues. As well, we have found that the expression of ERP3, SRA and REA
varies amongst human breast tumors. The expression of several of these moduiators of ERct activity was correlated
\with known treatment response markers, other known prognostic variables anrd likely taiioxifen sensitivity in human
breast cancer. These results suggest that not onl\ are there alterations in ER stttfrii expression during breast
ttmorigeinesis and breast cancer progression but there are also alterations of the relati\ e expression of coregulators of
F:R activit% during breast tumorigenesis and breast cancer progression /in tivot These changes may have a role in
altered estroen action rccutrriig duriiig breast tutmorigenesis and breast cancr: progression.
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INTRODUCTION

Estrogen is a major regulator of mammary gland development and function, and
affects the growth and progression of mammary cancers (1,2). In particular, the growth
responsiveness of breast cancer (BC) cells to estrogen is the basic rationale for the effi-
cacy of the so-called endocrine therapies, such as antiestrogens. Estrogens mediate their
action via the estrogen receptor (ER), which belongs to the steroid/thyroid/retinoid
receptor gene superfamily (3). The protein products of this family are intracellular, ligand-
activated transcription factors regulating the expression of several gene products, which
ultimately elicit a target tissue-specific response (4). Indeed, ER, together with progester-
one receptor (PR), expression in human breast tumors. are important prognostic indica-
tors, as well as markers of responsiveness to endocrine therapies (5,6). However, although
the majority of human BCs are thought to be initially hormone-responsive, it is well appre-
ciated that alterations in responsiveness to estrogen occurs during breast tumorigenesis.
During BC progression, some ER-positive BCs are de novo resistant to endocrine thera-
pies, and of those that originally respond to antiestrogens. many develop resistance. This
progression from hormonal dependence to independence is a significant clinical problem.
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because it limits the useful of the relatively nontoxic endocrine therapies, and is asso-
ciated with a more aggressive disease phenotype (7). This occurs despite the continued
expression of ER, and often PR (8,9). The ER is pivotal in estrogen and antiestrogen
action in any target cell, but the nature of the ER is clearly multifaceted.

Until recently, it was thought that only one ER gene existed. However, a novel ER,
now referred to as ER3, has recently been cloned and characterized (10, 11). Moreover,
it has recently been shown that ERP mRNA is expressed in both normal and neoplastic
human breast tissue (12-14). This suggests that ERP3 may have a role in estrogen action
in both normal and neoplastic human breast tissue. Furthermore. it has now become
apparent that several variant mRNA species of both the classical ERct and ERP can
be expressed in human breast tissues, and may therefore have roles in estrogen and
antiestrogen signal transduction (13,15-18). The current data suggest that an evaluation
of estrogen interaction with human breast tissue needs to include ERG, ER3, and any
variant forms of these receptors that may be expressed. The following chapter focuses
on the multifaceted nature of the ER in human breast tissues.

ERot AND ITS VARIANTS

Identification of ERa Variant mRNAs in Human Breast Tissues

A large body of data has accumulated supporting the existence of ERc• variants (19,20).
The majority of the data supporting the expression of ERcx variants has been at the mRNA
level. Two main structural patterns of ERcx variant mRNAs have been consistently iden-
tified: the truncated ERax mRNAs (21) and the exon-deleted ERoa mRNAs (22). The trun-
cated ERax mRNAs were originally identified, by Northern blot analysis. as fairly abundant
smaller-sized mRNA species in some human BC biopsy samples (23). The cDNAs of
several truncated ERo mRNAs have been cloned and found to contain authentic poly-
adenylation signals followed by poly(A) tails. The exon-deleted ERca mRNAs have been
identified mostly from reverse transcription polymerase chain reaction (RT-PCR) products,
using targeted primers.

Multiple ERca variant mRNAs are often detected in individual tumor specimens. In
order to determine the relative frequency and pattern of variant expression in a particular
sample, an RT-PCR approach was developed that allowed the simultaneous detection of
all deleted ERax variant mRNAs containing the primer annealing sites in exons I and 8.
at levels that represent their initial relative representation in the RNA extract. Since
truncated transcripts do not have exon 8 sequences, they will not be measured by this
technique. Examples of the results obtained are shown (Fig. I ). and serve to illustrate that

Fig. 1. Top panel. Schematic representation of WT ERrc. (WT-ER) eDNA and primers allowing
co-amplification of ris!t of the described exon-deleted ERa variants. ERc cDNA contains eight
different exons coding for a protein divided into structural and functional domains (A-F). Region
A/B of the receptor is i mplicared in transactivating function (AF- 1). The DNA-binding domain is
located in the C region. Region E is implicated in hormone bindimng and another transactivating
function (AF-2). 1/8U l and 1/8L primers allow ampli tication or 138 1-bp fragrnent corresponding to
WT ER(x mRNA. Co-ampl i fication ofall possible exon-deleted or -inserted variants, which contain
eeon I and 8 sequences. Can occur. Amplification orthe previously described ERax variant mRNAs
dele ICted ineXonr 3 (D3-ER). exon 4 (1 D4-ER). e\on 71 DT-ER). both exons 3 and 4 ( D3-4-ER). exons
2 and 3 (D2-S-ER). exons 4 and exton 7 (D)4/7-ER). would generate 1264-. 1045-. 1197-. 928-.
1073-. and 861 -bp fragments. respecrivel. Bottom panel. Co-amplification of WT ERc and deleted
variant mRNAs in breast tumR1 aimph.,ples. Total RNA extl'actCd from ER-positive t4+) and ER-nega-
tiNrc -) breast tumors was aenerse-transcribed and PCR-amplified. as described (24). using l1/8U
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ERcDNAI 1 12134 5 6L7 18
1I '

ATG TGA

WTf-ER I 3 611381 bp

D3-ER 1 516 1264 bp

D4-ER 111 2 1315161 71 8 1045 bp

D7-ER 111 2131 4 15168 1197 bp

D3-4-ER 1112 15161 7 18 928 bp

D2-3-ER 1 14 1117181073 bp

D417-ER 1 12 1315161 8 861 bp

Unknown_ _ 9
PCR product FF8 ? bp

PCR Co-amplification of WT-ER
and all known and unknown
deleted-ER variant mRNAs

+ +-+ - +

WT-ER 1381 bp -pp

07-ER 1197 bp *

04-ER 1045 bp .- 4 1078 bp
03-4-ER 928 bp -
04[7-ER 861 bp 872 b-
02-3(7-ER 889 bp m

02-3-4-ER 737 bp .

0-3-7-ER 580 bp 60 bp

and 1/IXL pimiiers. Rad~ioaictive PCR produts L crc\C[Ce[para!ted on a 3.5% acrvIlaniide eeland i\'salIi/zedI
hy an1.t "Adiot~ra phy. Bands reprodci hl\, olhai ned Awithin the Set Of tumors studied, Lind which
mi-ratedat 1381. 1197. 1045i.92-. XX9). 861 ; 3.and .,ii5,Ilhp. were identiriedaiscorrespondingto(LWT-
ER n1RNA and variant mRNA.sdeleted in ew~n - i )7-FRL e\0114(D4-ER). both exons 3 and4~ D3-
4-ER .e.\ons ,2.3. and7 (D2-3,/T -ER,. hoIcth '~il' 4 and 71) 4/7-ER).exons22.3 and4( D2-3-4-ERx.
and mithin e.\n 3 ito within exon 7 (Dl-3, --7-1:. iepcie. PC R produLcts indicated by daishes (-.
hatrey detectahie within the tunmor pnpn(1atin it'l.. pre',ent in less than or equal to three particu~lar
tumors, have not vet beeni identlified. M. Mo'leetikr teiuht marker (phil174. Gihco-BRL. Grand
IWand. NY). Adaipted with pern~iis'ion twmin ilet 24.
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Fig. 2. Linear regression analysis of the relationship between the clone-4-truncated ERx mRNA and
the WT ERa mRNA in the various groups. Closed circles represent the good prognosis/ER-posi-
tive-PR-positive group: open circles represent the good prognosis/ER-positive-PR-negative group:
closed squares represent the poor prognosis/ER-positive-PR-negative group; open squares repre-
sent the poor prognosis/ER-positive-PR-negative group. Good vs Poor. P = 0.0004; PR-negative
vs PR-positive. P = 0.011. Reproduced with permission from ref. 25.

a complex pattern of exon-deleted variant ERox transcripts are expressed in any one
tumor, that the pattern and relative frequency of detection of ERc4 variant mRNAs may
vary between tumors, and that. in some cases, the relative frequency of detection of indi-
vidual ERca. variant mRNAs may be correlated with known prognostic markers (24).

An example of such a correlation is shown in Fig. 2 (25). The expression of the trun-
cated clone-4 ERct variant mRNA was measured relative to the wild-type (WT) ERc4
mRNA in a group of breast tumors. The relative expression of the clone-4 variant was
significantly increased in those tumors with characteristics of poor prognosis, compared
to those tumors with good prognostic characteristics, i.e., clone-4 expression was higher
in large tumors with high S-phase fraction. and from patients with nodal involvement,
compared to small tumors with low S-phase fraction from patients without nodal involve-
ment. Also, in this group, the relative expression of clone-4 was significantly higher in
PR-negative tumors vs PR-positive tumors. suggesting a correlation of increased trun-
cated variant expression and markers of endocrine resistance.

Data support the possibility that ERc: variant proteins exist, and that their pattern and
frequency are different from different individuals. In some cases, the expression orsingle
ERct variant mRNA species was correlated with known markers of prognosis and endo-
crine sensitivity. This. in turn, suggested the hypothesis that altered expression of ERca
variants may be a mechanism associated with progression to hormone independence.

Putative Biological Significance of ERa Variant mRNAs
EXPRESSION oF ERa VRIA 'I' %iRNAs IN NOR.NAI. AND NEOPLASTIc HUMAN BREAST TISSUE

Most studies investigating ERa variant mRNAs have used human BC tissues or cell
lines (/9). However. it is now known that both truncated and exon-deleted ERot variant
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mR NAs can be detected in other tissues, including normal tissues (/9). In particular. ERoX
variant mRNAs have been identified in normal human breast tissue and cells (26-29).
Therefore. ERox variant mRNAs are not tumor-specific, are not found in the complete
absence of the WT ERoc mRNA. and are probably generated by alternative splicing
mechanisms.

These observations raised the question of whether the expression of ER(a variant
mRNAs is altered during breast tumorigenesis and/or progression. When the level of
expression of individual variant ERax mRNAs was measured relative to the level of the
WT ER transcript, differences between normal and breast tumor tissues were found. The
relative expression of clone-4-truncated ERca variant mRNA and the exon-5-deleted
ERca variant mRNA. but not the exon-7-deleted ERot variant mRNA, was significantly
increased in breast tumors. compared to normal breast tissues obtained from both reduc-
tion mammoplasties and normal tissues adjacent to breast tumors (26,27). Preliminary
data suggests that this is also true for samples of ER-positive breast tumors and their
matched, adjacent normal tissues (29a); there is also evidence suggesting that an exon-
3-deleted ERcx variant mRNA is decreased in BCs, compared to normal human breast
epithelium (29). Because this ERax variant mRNA encodes a protein that can inhibit WT
ERax transcriptional activity (30) and causes growth suppression when stably overex-
pressed in ER-positive MCF-7 human BC cells (29). it was concluded that the exon-
3-deleted ER(a variant may function to attenuate estrogenic effects in normal mammary
epithelium. This function is markedly reduced via decreased exon-3-deleted ERctexpres-
sion during breast tumorigenesis. In preliminary studies of ER-positive human breast tumor
samples and their matched adjacent normal tissues, a statistically significant decreased
relative expression of the exon-3-deleted ERax mRNA in the tumor. compared to the nor-
mal breast tissues, was noted (29a).

The available data provide evidence for an extensive and complex pattern of alternative
splicing associated with the ERa gene, which may be altered during breast tumorigenesis.

SPECIFICITY OF ERac SPLICE V-ARIANTS IN HUMAN BREAST TuMiORS

It is unlikely that the mechanisms generating alternatively spliced forms of ERC result
from a generalized deregulation of splicing processes within breast tumors. since similar
variants for the glucocorticoid receptor (16.28). the retinoic acid receptors-a and -J
(28). and vitamin D; receptor (16) have not been found in breast tumor tissues. However.
similar splice variants of PR (see subheading Expression of Other Steroid Hormone
Receptors. below) were found in both normal and neoplastic breast tissues (31.32).

EXPRESSION OF ERa VARIANT MtRNAs DL RIM; BC PROG;RESSION

As described above, the relative expression of at least one ERa. variant mRNA. i.e..
clone-4-truncated ERa mRNA. is significantly higher in primary breast tumors with
characteristics of poor prognosis (including the presence of concurrent lymph node
metastases). compared to primary tumors with good prognostic markers (including lack
of concurrent lymph node metastases) (25). An increased relative expression of exon-5-
deleted ERa mRNA has been found in locoregional BC relapse tissue (in the same breast
as the original primary tumor, but no lymph node metastases) obtained from patients
tollowing a median disease-free interval of 15 mo, compared to both the corresponding
primary breast tumor (33) and the primary breast tumor tissue of patients who did not
relapse during this period. Although the difference did not reach statistical significance.
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these same authors reported a trend toward higher relative expression ofexon-5-deleted
ERox mRNA in primary tumors of women who relapsed. compared to primary tumors of
those that did not relapse. Together. these data suggest that, in addition to altered expres-
sion of ERca variant mRNA, which occurs during breast tumorigenesis, further changes
in ERa variant expression may occur during BC progression. However, another study
(34) has recently found no significant differences in the relative expression of clone-4-
truncated. exon-5-deleted, and exon-7-deleted ERa mRNAs, between a series of primary
breast tumors and their matched concurrent lymph node metastasis, suggesting that
altered expression of ERa variant mRNAs probably occurs prior to the acquisition of the
ability to metastasize, and therefore may be a marker of future metastatic potential. This
hypothesis remains to be tested.

EXPRESSION OF ERa VARIANT vRNAS AND ENDOCRINE RESISTANCE

The hypothesis that altered forms of ERa may be a mechanism associated with endo-
crine resistance has been suggested for some time. Moreover, the identification of ERa
variant mRNAs in human breast biopsy samples (23,35,36) provided good preliminary
data for the hypothesis. In addition, preliminary functional data of the recombinant exon-
5-deleted ERa protein suggested that it possessed constitutive, hormone-independent
transcriptional activity that was about 15% that of the WT ER (36). The data using a yeast
expression system were also consistent with the correlation of relatively high levels
of exon-5-deleted ERa mRNA in several human BC biopsy samples classified as ER-
negative and PR-positive and/or pS2-positive (36-38). It was also found that the exon-
5-deleted ERct mRNA was often co-expressed at relatively high levels with the WT ERa
in many human BC that were ER-positive (38). It has been observed that transiently
expressed exon-5-deleted ERa has an inhibitory effect on endogenously expressed WT
ERa in MCF-7 human BC cells (39). although it does not decrease the WT activity to the
same extent as hydroxytamoxifen. In contrast, in human osteosarcoma cells, exon-5-
deleted ERa was shown to have little effect alone, but significantly enhanced estrogen-
stimulated gene expression by transiently co-expressed WT ERa (40). The limitations
of transient expression analysis were addressed by two groups who stably overexpressed
the exon-5-deleted ERa in MCF-7 human BC cells (41.42). However, different pheno-
types were obtained by the two groups. No effect of the recombinant exon-5-deleted ERa
on growth or estrogen/antiestrogen activity in MCF-7 cells was found in one study (41):
in the other study (42), the overexpression of recombinant exon-5-deleted ERa in MCF-
7 cells was associated with estrogen-independent and antiestrogen-resistant growth. The
reasons for the differences between the two studies are unclear, but may be the result of
different IMCF-7 variants, or changes that could have occurred in the transfectants in addi-
tion to transeene expression. The transgene in the Rea and Parker study (41) was episo-
mally maintained: in the study by Fuqua et al. (42). the transgene was presumably integrated
into the host chromosomes in a random fashion.

Several laboratories have developed cell culture models of estrogen independence
and antiestrogen resistance. Variable results have been obtained when the association of
altered ERa variant mRNA expression with estrogen/antiestrogen responsiveness was
investigated. An increased relative expression of an exon-3 + 4-deleted ERa variant mRNA
was found in an estrogen-independent tMCF-7 cell line (T5-PRF) derived by long-term
growth in estrogen-depleted medium (43.44). However. this cell line was still sensitive
to antiestroens (4.,). Although one cell line that was tamoxifen (TAM)-resistant had
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differential expression of an exon-2-deleted ERoc and an exon-5-deleted ER(x mRNA.
compared to the parental cell line (45), other independently derived antiestrogen-resis-
(ant clones showed no major differences in the expression of ER(x variant mRNAs (46,47).

Investigation of ERox splice variants, using clinical tissue samples. has also led to
variable conclusions. The relative expression of the clone-4-truncated ERCC variant
inRNA was significantly increased in primary breast tumors with characteristics of poor
prognosis, compared to tumors with good prognostic characteristics (25). Similarly, the
relative expression of clone 4 was significantly higher in PR-negative vs PR-positive
tumors, suggesting a correlation of increased truncated variant expression and markers
of endocrine resistance (25). Furthermore, an increased frequency of detection of ERca
variant mRNAs deleted in exons 2-4 and 3-7 was associated with high tumor grade, but
an increased detection of an exon-4-deleted ERcx variant mRNA was associated with low
tumor grade (24). The presence of exon-5-deleted ERox mRNA was found in one study
(39) to be associated with increased disease-free survival. However, no difference in the
relative expression of an exon-5-deleted ERa variant mRNA was found between all
TAM-resistant tumors and primary control breast tumors (37), although, in the subgroup
of TAM-resistant tumors that were ER-positive/pS2-positive, the relative expression of
the exon-5-deleted ERax was significantly greater than the control TAM-sensitive group.

Although increased expression of any one ERa variant does not correlate with TAM
resistance of BCs overall, its association with. and therefore possible involvement in,
endocrine resistance in some tumors cannot be excluded. Moreover, the presence of
multiple types of ERox variant mRNAs in any one tumor or normal tissue sample has been
well documented (24,28). but no data have been published in which total ERoa splice
variant expression has been analyzed in relationship to endocrine resistance and progno-
sis. Although mutations have been found in the ERa gene in human breast tumors. they
are rare and are not more frequent in TAM-resistant tumors (48).

IDENTIFICATION OF ERa VARIANT PROTEINS

The detection of proteins that correspond to ERa variant mRNAs remains an impor-
tant issue. It is relevant, therefore, to understand the structure of these proteins. The
predicted proteins of some of the most frequently detected ERc variant transcripts are
shown schematically in Fig. 3. All of the variant transcripts would encode ERaX proteins
missing some structural/functional domains of the WT ERoa. Although the ERaX variant
transcripts encode several different types of protein, there are some common themes that
emerge. A common feature of these putative proteins is the universal presence of the A/B
region. which is known to contain the cell and promoter specific AF- I function. Exon-4-
deleted and exon-3 + 4-deleted ERa mRNAs are in frame and encode proteins that do not
hind ligand. However, the majority of the most abundantly expressed variant transcripts.
i.e. exon-7-deleted, an exon-4 + 7-deleted. and the clone-4-truncated ERoa mRNAs.
encode proteins that are C-terminally truncated. and cannot bind ligand. Thus, a common
feature of these variants is the inability to bind ligand. The results obtained, in which
recombinant techniques were used to measure the function of individual ERCC variants
in vitro. are variable, and often depend on co-expression of the WT receptor. It is difficult
to make general conclusions, but many recombinant ERax variant proteins have been
olhserved to modulate the activity of the WT receptor. However. the relevance of the rela-
tive levels of expression of WT and variant ERoa proteins that are achieved under the
experimental conditions used is unclear, because limited data have been published on the
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Fig. 3. Schematic representation of the ERo: variant proteins predicted to be encoded by ERo variant
mRNAs. Identical sequence is depicted by numbered exons. U. amino acid sequence unrelated to
WT human ERo amino acid sequence. U sequences are unique to any particular variant. The posi-
tion of N- and C-terminal epitopes, recognized by I D5 and AER31 I Abs. respectively, are indicated.

detection of ERax variant proteins encoded by known ERa variant mRNAs in tissues or

cells in vivo.
From a different perspective, the prediction that the majority of ERot variant proteins

are C-terminally truncated has implications for the determination of clinical ER status.
Early detection. and changes in clinical practice, have resulted in smaller amounts of

breast tumor tissue being available for assay. For this and other reasons, the use of
immunohistochemistry (IHC) methods to assess ER status is becoming more common.
Therefore. depending on the antibodies (Abs) used, the presence of C-terminally trun-
cated ERax variant proteins could theoretically influence determination of ER status of
the tumor sample. The authors have tested this experimentally, by transiently transfect-
ing WT ERat and clone-4-truncated ERox expression vectors into Cos- I cells, and deter-
mining ER status of the cells. using Abs either to the N-terminus of the ERaX (Fig. 3, 1 D5.
Dako) or Abs to the C-terminus (Fig. 3. AER31 1. Neomarkers). Preliminary data, using
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d liferent combinations of WT ERa. and variant ER. expression vectors trans fected into
(Cos- I cells, indicate that the signals (expressed as H-scores, which take into account the
intensity of staining and the number of positively staining cells) obtained with the N-
terminal and C-terminal Abs. become increasing discrepant (N-terminal > C-terminal
'ýignal) with increasing variant expression, presumably because of increased ERGx-like pro-
teins containing the N-terminal region, but not the C-terminal region. These preliminary
data suggest that increased expression of C-terminally truncated ER(. variant proteins
could interfere with the IHC determination of ER status.

This possibility was investigated in human breast tumor tissues (49). A series of breast
tumors was assayed for ERcL. using the set of Abs described above, and the H-scores from
each Ab were compared for each tumor. The tumors fell into two distinct groups: one in
which the H-scores obtained with each Ab were consistent and not significantly different
from each other- and another group. in which the H-scores obtained with each Ab were
inconsistent and significantly different from each other. Further, in all but one case, the
H-score was higher for the N-terminal Ab, compared to the C-terminal Ab (50). In pre-
liminary experiments using a subset of the original tumor set, the authors found similar
results, using another set of N-terminal and C-terminal ERcx Abs. Together with the pre-
vious experimental data. one interpretation of the tumor data would be that the discrepant
tumors had higher levels of C-terminally truncated ERcx-like proteins.

To address the hypothesis that the C-terminally truncated ERa-like proteins could
correspond to proteins encoded by ERa. variant transcripts, the authors compared expres-
sion of ERa. variant mRNAs in the consistent and inconsistent tumors. The results show
a significantly higher relative expression and detection of ERa, variant mRNAs that would
encode C-terminally truncated proteins in the inconsistent vs the consistent tumors (50).
These results suggest that. irrespective of function. the expression of significant amounts
of C-terminally truncated ERa. variant proteins could interfere with the IHC determina-
tion of ER status, which. in turn, might underlie some of the inconsistencies between ER
ýtatus and clinical response to endocrine therapy. These data are consistent with the
hypothesis that ERca variant mRNAs may be stably translated in vivo. However. such
data are indirect, and other mechanisms. e.g.. altered epitope detection, increased prote-
olytic activity, and so on. may underlie the discrepant ERa. H-scores found in some
human breast tumors.

More recently. data published from several independent groups support the detection
of ERoa-like proteins in cell lines and tissues in vivo, which could correspond to those
predicted to be encoded by previously identified ERa. variant mRNAs. The presence of
an exon-5-deleted ERa( protein was demonstrated immunohistochemically in some
human breast tumors. using a monoclonal Ab specific to the predicted unique C-terminal
amino acids of the exon-5-deleted ERa. protein (39). However, although there was a cor-
relation between IHC detection and presence or absence of exon-5-deleted ERa. mRNA
determined by RT-PCR. the group was unable to detect any similar protein by Western
blottin,. suggesting either very low levels, compared to WT ERa. or differential stability
of the variant protein relative to the WT ERa during the extraction procedure. In addition,
an ERa-like protein, consistent with that predicted to be encoded by the exon-5-deleted
ER mnRNA. is expressed in some BT 20 human BC cell lines, as determined by Western
blot analysis (51). Western blotting of ovarian tissue has identified both a 65-kDa WT
ERct protein and a 53-kDa protein recognized by ERa. Abs to epitopes in the N-terminus
,and C-terminus of the WT protein, but not with an Ab recognizing an epitope encoded



26 Murphy et al.

A
ER-13 1 1 2 1 3 1 4 15 161 7 1 8
mRNA

Riboprobe - 259 bp

B Breast Tumors ý6

1 2 3 4 5 6 70

Fig. 4. Detection otfERP mRNA in human breast tumors by RNase protection assay. (A) Schematic
representation ofhERl mRNA showing various exon sequences. and identifying the riboprobe pos-
ition and size of the expected protected fragment (259 bp). (B) Total RNA was isolated from seven
breast tumor samples. and 25 gg. was used in an RNase protection assay, as previously described
(21). Ovarian RNA was used as a positive control.

by exon 4 (52). These results correlated with the presence of both WT and exon-4-deleted
ERcx mRNAs in these tissues, and suggested that the 53-kDa protein was derived from
the exon-4-deleted ERa mRNA.

More recently. a 61 -kDa ERct-like protein and a more abundant 65-kDa WT ERcX
protein were identified in MCF-7 cells (29). The 61 -kDa protein is thought to be encoded
by an exon-3-deleted ERcc mRNA expressed at low levels in these cells, and its co-migra-
tion, both before and after dephosphorylation with the recombinant exon-3-deleted ERca
protein, when expressed at higher levels after stable transgene expression in another
MCF-7 clone, was thought to strongly suggest its identity with the recombinant exon-3-
deleted ERcx protein.

There is accumulating evidence suggesting that variant ERct proteins, which corre-
spond to those predicted to be encoded by some of the ERa variant mRNAs, can be
detected by conventional technologies in clinical specimens.

ERP AND ITS VARIANTS

Identification of ERJ3 mRNA in Human Breast Tissues

With the discovery of ERP. which had properties similar to. yet distinct from, ERoa (10,
11.53,54). and can interact with the ERoc (55,56). it became important to know whether
ERP was expressed in human breast tumors, and. if so. what role it plays in estrogen/
antiestrogen action.

The authors have detected the presence of ERO mRNA. both by RT-PCR (12.14) and
by RNase protection assay (Fig. 4: 14). in some human BC biopsy samples and some
human BC cell lines. In situ hybridization analysis suggzested that expression of ERP
mRNA could be detected in the BC cells of a human BC biopsy sample (14). Using an
RT-PCR approach to analyze both ERP3 and ERca mRNA expression in a range of breast
tumors (12). the following was observed: There was no correlation between ERP expres-
sion and ERa expression in breast tumors: in some cases, both ERP and ERa mRNA were
expressed in the same tumor: in those tumors in which both ER mRNAs were expressed,
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(he relative expression appeared to vary widely among tumors. Furthermore, ERP5 mRNA
can be detected in normal human breast tissues by RT-PCR (13) and RNase protection
assay (14). Although there are no data reporting the expression of ERP protein(s) in human
breast tissues as yet, the available information suggest that ERP may be expressed in both
normal and neoplastic human breast tissues, and may have a role in these tissues.

Expression of ERP3 mRNA During Breast Tumorigenesis

The demonstration of ERP mRNA expression in both human breast tumors and normal
human breast tissue suggests that the well-documented role of estrogen in breast tumori-
genesis (1.57) may involve both receptors. Using a multiplex RT-PCR approach, it has
been shown that the ERct: ERP ratio in a small group of ER-positive human breast tumors
was significantly higher than the ratio in their adjacent normal breast tissues (58). The
increase in ERc:ERP3 ratio in breast tumors was primarily the result of a significant upreg-
ulation of ERct mRNA in all ER-positive tumors, in conjunction with a lower ERP3 mRNA
expression in the tumor, compared to the normal compartment in some, but not all. ER-
positive cases. Preliminary data suggest that the level of ER]3 mRNA in breast tumors
may be correlated with the degree of inflammation (unpublished data). Because ill situ
hybridization data suggest that expression of ERP3 mRNA could be detected in the cancer
cells of a human BC biopsy sample (14), and that human lymphocytes in lymph nodes
can also express ERP mRNA (14), it is possible that the cell type contributing to the
expression of ERP mRNA may be heterogeneous, depending on the tumor characteris-
tics. If the RNA studies reflect the protein levels of the two ERs, results to date provide
evidence to suggest that the role of ERa- and ERý3-driven pathways, and/or their inter-
action, probably changes during breast tumorigenesis.

Identification of ERP3 Variant mRiVAs in Human Breast Tissues

The presence of multiple ERca variant mRNAs in both normal and neoplastic human
breast tissues has led to the question of the expression of ERý variant mRNAs. Several
ER[ variant mRNAs have been detected. The authors have identified an exon-5 + 6-
deleted ERP mRNA in human breast tumors (59). This transcript is in-frame, and would
be expected to encode an ERP-like protein deleted of 91 amino acids within the hormone
binding domain. A human ERP3 variant mRNA, deleted in exon 5, was identified in MDA-
MB23 I human BC cells and in some human breast tumor specimens (18). Although that
group was unable to detect an exon-5-deleted ERP mRNA in normal human breast tissue,
the authors have detected both exon-5-deleted ERP mRNA and an exon-6-deleted ERP
mRNA. as well as an an exon-5 + 6-deleted ERP mRNA. in normal human breast tissue
samples (/3), and in some human breast tumors. The exon-5-deleted ERý mRNA and the
exon-6-deleted ER]3 mRNA are out-of-frame and predicted to encode C-terminally trun-
cated ERP3-like proteins, which would not bind ligand.

More recently, several exon-8-deleted human ERP3 mRNAs have been identified 0 7)
from a human testis eDNA library, and by RT-PCR from the human BC cell line MDA-
'1 B435. These variants have been named human ERP2-5. It should be noted that human

ERf32 is not the equivalent of the ERP3 variant mRNA with an in-frame insertion of 54
nucleotides between exons 5 and 6 identified in rodent tissuCes( 13.60.61). and also named
ERý2. The authors have been unable to detect an equivalent of the rodent ERP2 mRNA
in any normal or neoplastic human tissue so far studied (/3).
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Fig. 5. RT-triple primer PCR analysis (26) of the relative expression of human ERP 1. human ERP5.
and human ERP32 mRNAs in normal (N) and breast tumor (T) tissue samples.

Several of the human ER[3 variants deleted in exon 8. specifically hERP32 and hER!35.
can be detected in normal human mammary gland and in several human BC cell lines
(17). The predominant type of hERP3 exon-8-deleted mRNA present varies among the
different cell lines. The authors have confirmed the presence of the hERP32 and the hER035
variant mRNAs in several normal human breast tissue samples from both reduction
mammoplasties and normal tissue adjacent to breast tumors (Fig. 5: unpublished data).
Moreover, the authors have identified both hERý2 and the hERP5 variant mRNAs in
several human breast tumor samples (Fig. 5; unpublished data). Using a semiquantitative
RT-triple primer PCR approach (26). which simultaneously measures the relative expres-
sion of the WT hERP I and the two variant hERg2 and hERP5 mRNAs. it appears that.
in most. but not all. cases, the level of the variant mRNA species exceeds that of the WT
hER I (Fig. 5: unpublished data) in both normal and neoplastic human breast tissues.
The known sequence of all human ERP-like transcripts is shown schematically in Fig. 6:
also shown in this figure are the proteins predicted to be encoded by these variant hERP
mRNAs. All the hERP variant mRNAs identified to date are predicted to encode proteins
that are altered in the C-terminus in some fashion. and are unlikely to bind ligand (62).
Howvever. published data (17) suggest that some of these variant receptors can form
hoino- or heterodimers among themselves and with WT hERP and hERco. and may pref-
erentially inhibit hERa DNA-binding transcriptional activity (62).

Putative Role of ERP and Its Variants in Breast Caicer

Transient transfection studies have provided data which suggest that ERP 1. i.e.. the
WT ERP. can only mediate an antagonist response when bound to TAM-like agents. in
contrast to the TAM-bomnd WT ERo. which can mediate either an antagonist or agonist
activity on a basal promoter linked to a classical estrogen response element (53.63). This
suggests the possibility that altered relative expression of the two ERs may underlie

I.+
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Fig. 6. Human ERf3 isoforms. All hERP isoforms are aligned. White boxes indicate identity of
amino acid between sequences. Amino acid positions Of the different structural domains are indi-
cated for the hERP3I short (/4). wý,hich contains eight extra N-terminal amino acids, compared to the
rirst hERý described (10). hERP I long (Genbank AF05 1427) contains 45 additional N-termiinal
amino acids. hERo lAS (13. 18L hER~ IA6( 13). hERP2 (Genbank AFOS 1428. ABOO65S9cx).hERP3
(Genhank A F060555 J. hERf34 (Genbank AF06 1054). and hERP5 (Genbank AF06 1055) are trun1CaIted.
and contain different C-terminal amino acids (black boxes). hERPA5-6 (13) (Genbank AF074509)
i.s missint! 91 amnino acids within the LBD/AF-2 domain. Foreach receptor. the length (aa) and the
CalCUlated molecular mass (kDa). when known or corresponding to the short (S) or the long (L)
torms of the Putative proteins. Lire given. Broken boxes and question marks indicate that flanking
amino acid sequences are Unknown.

altered responses to antiestrogens, and could be a mechanism of altered responsiveness
to antiestroLYenS in human 13C. The activitv of the estrogen-bound ER13I on activatingy
protein I (AP- I )-containing promoters is inhibitory, in contrast to that of estrogen-bciund
ERce. which StimulateS transcription (54). Furthermore. antiestrog~ens of all tyýpes demion-
',rated marked transcriptional activity thr-ough ERP I on promoters that contained AP- I sites
(5-4). A nonligand-binding, hER13 variant protein, encoded by the variant hERf32 (also
inamed hER13cx). can heterodimerize with ERf3 1,but preferentially heterodimerizes with

ER~x. and shows a dominant-negzative activity only against ERGX-mediated transactivation
/7.62). It is possible. therefore, that ER13I and its variants Could have a direct regUla-

[ory role on ER~x activity. Since the authors have observed an increased ratio of ER~t:ER13
mu1RNA in human breast tumnors, compared to their adjacent matched normal tissues. which
primarily results from increased expression of ERoc mRNA in the breast tumnor comipo-
nent ( 58). it is possible that this may translate into unregulated ERct activity and tUnreetL-
lated growth responses mediated throug-h ERax.
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However, there are several issues that must be addressed before anyone can begin to
develop rational pathophysiologically relevant hypotheses regarding the role of ERP
and/or its variants in human breast tissues. First, it is not yet known whether ERP3 and
ERcc are expressed together in the same breast cells, or separately in different normal
or neoplastic cell populations. Second, studies so far have only measured mRNA levels.
No studies of ERP protein expression in human breast have been published to date.
Therefore, the pathophysiological relevance of the relative levels of ERP3 and ERa expres-
sion achieved in transient expression studies, and the resulting functional outcome, are
unknown. Third, some in vitro studies have been done using an N-terminally truncated
ERPI (64), and the functional impact of this is also unknown.

EXPRESSION OF OTHER STEROID
HORMONE RECEPTORS AND THEIR VARIANTS IN HUMAN BC

The observation that the PR gene showed a complex pattern of alternative splicing
similar to, although not as extensive as, that of ERct, led to the further characterization
of PR variants (16,31,32). Two commonly expressed variant transcripts identified in
human breast tumors and normal human breast tissue were cloned and sequenced. Var-
iant PR mRNAs with either a precise deletion of exon 6 or exon 4 were identified in most
breast tumors examined. PR transcripts deleted in exon 2. exons 3 + 6, or exons 5 + 6.
were also found in a few breast tumors (31,32). The exon-6-deleted transcript was the
most abundant and frequently expressed PR variant mRNA in the human breast tumors
examined, and specific PCR primers were designed to determine the expression of this
transcript, relative to the WT PR. using RT-PCR analysis (27). Altered expression of
ERax variant mRNAs was observed previously between normal and neoplastic breast
tissue: therefore. it was of interest to determine if exon-6-deleted PR mRNA expression
was altered during breast tumorigenesis. Using an approach similar to that described
previously (27). the relative expression of the exon-6-deleted variant PR mRNA to the
WT PR mRNA was examined in 10 normal reduction mammoplasty samples and 17
breast tumors. The relative expression of the exon-6-deleted PR variant to the WT PR
mRNA was found to be significantly lower (P < 0.0 1) in normal breast tissues (median
= 4.8%) than in breast tumors (median = 13.9%) (unpublished data).

The exon-2-deleted PR mRNA encodes a C-terminally truncated PR-like protein with-
out a DNA or a ligand-binding domain (32). The exon-4-deleted PR mRNA is in-frame.
but encodes a protein deleted in exon 4 sequences, missing a nuclear localization signal.
and the recombinant protein representing exon-4-deleted PR-A did not bind DNA and
had little effect on WT PR-A function (32). Exon-6-deleted PR variant mRNA is out-of-
frame and encodes a C-terminally truncated PR-like protein lacking the hormone-bind-
ing domain, and the exon-5 + 6-deleted PR variant mRNA is in-frame, but encodes a protein
deleted in exon 5 + 6 sequences of the hormone-binding domain (312). Richter et al. (32)
have demonstrated that recombinant proteins, representing the exon-6-deleted PR-A and
the exon-5 + 6-deleted PR-A are dominant-negative transcriptional inhibitors of both the
WT PR-A and PR-B (32). It is possible. therefore, that the presence of PR variant proteins
encoded by the identified PR variant mRNAs could modi fy WT PR activity and intluence
responses to endocrine therapies. Small. variant PR-like proteins have been identified by
Western blotting in some breast tumors (32,65.66), which correspond in size to some of
the proteins predicted to be encoded by some of the exon-deleted PR mRNAs. However.
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some data (66) suggest that the presence and abundance of PR variant mRNAs may not
correlate with the detection of these smaller-sized PR immunoreactive species in human
breast tumors.

The measurement of PR is an important tool in clinical decision-making with respect
to prognosis and treatment of human BC. Furthermore, the level of PR expression pro-
vides important clinical information (67). As the use of enzyme-linked immunosorbent
assays and IHC assays for PR detection increases, it is likely that variant PR expression
will interfere with these assays, whatever their function. PR Ab (AB-52 Ab) used in such
assays detect epitopes in the N-terminal region of the WT molecule, which is shared by
truncated PR-like molecules. If any or all of the deleted PR variant mRNAs so far identi-
fied are translated into stable proteins, they will be co-detected with the WT PR in such
assays. Presence of PR variants may also be a factor contributing to discrepancies between
biochemical measurement and immunological detection of PR. Indeed, the potential for
ERcu variant expression to interfere with the IHC assessment of ER status has been docu-
mented (49.50,68).

CONCLUSIONS AND CONTROVERSIES

The multifaceted nature of the ER is suggested by the expression of ERot mRNA. ERP
mRNA. and their variant mRNAs in both normal and neoplastic human breast tissues
SFig. 7). There is a large body of molecular data that support at least the potential for the
multifaceted nature of the ER, and therefore estrogen/antiestrogen signaling in both
normal and neoplastic human breast tissues. Alterations in the relative expression of
several ER-like mRNAs have been shown to occur during breast tumorigenesis. and the
relative frequency of detection and expression of individual ER-like mRNAs can be
correlated with different prognostic characteristics in BC. This. in turn. suggests a pos-
,ihle role in breast tumorigenesis and possibly hormonal progression in BC. Howkever.
there are still major gaps that need to be filled before there can be a clear idea of the
pathophvsiological and functional relevance of the experimental results so far in hand.
Uneqtuivocal data are required to support the in vivo detection of variant ERct. variant
ERf3. and WT ERP proteins, which correspond to the variant ERoa. variant ER3. and WT
ER[ mRNA species. respectively. There is a need to experimentally determine putative
function, using expression levels that reflect pathophysiological levels of expression.
['here is a need to know if the two WT ERs and/or their variants are co-expressed in the
",ame cells within heterogeneous normal and neoplastic breast tissues. Further. given the
detection of multiple forms of variant ER-like species in any one breast tissue sample.
the limitations in interpreting data from experimental systems. in which only one variant
",pccies is considered in the presence or absence of WT protein, needs to he understood.
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